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PREFACE

This study under NASA Contract NAS5-21872 was initiated to perform a parametric

analysis using computer simulation and analysis techniques of the threshold and signal

distortion effects in FM TV systems. This report is a study of the signal distortion

effects. The FM threshold study is presented in a separate report.

Computer simulation is used to model an FM TV transmission system. A T-pulse-and-

bar test signal is passed through the simulated system and a distorted output signal

approximating the input test signal is the result of the simulation. The output signal

can be compared with the input signal for various specified systems. Thus, the dis-

tortion quality of various systems can be evaluated.

As a result of the analysis, the following conclusions can be drawn:

1. The T-pulse-and-bar test signal is distorted more in a system with preemphasis

than in one without preemphasis.

2. In the case of worst distortion a preemphasized system with a half-power RF

bandwidth equal to twice the peak deviation produces a T-bar overshoot of only 9.9% -

less than the 13% limit specified by C. C. I.R. This occurs for a four-pole Chebyshev

filter having a 0. 1-dB ripple bandwidth of 10. 0 MHz and a half-power bandwidth of

12.13 MHz.

3. An increase in the peak deviation of a system increases signal distortion.

4. The signal distortion increases as the number of poles of the predetection

filter increases.

5. A four-pole Chebyshev predetection filter causes slightly more signal distortion

than a four-pole Butterworth filter with the same half-power bandwidth.
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SECTION 1 - INTRODUCTION

Reception of a frequency-modulated (FM) television signal requires predetection

filtering to remove noise outside the FM frequency band prior to demodulation. To

reject as much noise as possible the predetection filter should be as narrow as

possible without significant distortion of the desired signal.

The primary objective of this study is to simulate an FM television transmission

system by computer programming and to evaluate the signal distortion due to

predetection filtering. The system is modeled mathematically, and a T (T = 100

nanoseconds) pulse-and-bar test signal is used as the input video signal. The

output wave resulting from the test signal is calculated and plotted. Then the

distortion of the signal can be seen and used as a measure of the distortion

quality of the system. No audio subcarriers are considered in this analysis. The

simulation is implemented for 64 cases specified by NASA, and the results of those

cases are presented herein.

A typical video luminance signal has a format as shown in Figure 1-1, and the

test signal is shown in Figure 2-3. Portions of the test signal are shown in more

detail in Figures 4-1 and 4-2. Note that the T-pulse has a width of 100 nanoseconds,

corresponding to a 5. 0-MHz video bandwidth, rather than 125 nanoseconds, correspond-

ing to a 4. 0-MHz video bandwidth. Therefore, the distortion results will be somewhat

conservative for application to a 4. 0-MHz system.

The system being modeled is shown in Figure 1-3. The video test signal enters the

preemphasis filter which is a 525-line filter specified by C.C.I. R. (Reference 3).

The model also includes the case for a flat, or unpreemphasized, system in which

the preemphasis and deemphasis filters are not used.

The signal goes next to the RF frequency modulator from which the video signal is

transmitted in an RF form through a noisy RF channel; however, RF additive noise

is not included in this model.
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In passing through the predetection filter the signal is distorted somewhat depending

on the filter characteristics. Narrowing the predetection filter bandwidth cuts out

noise. On the other hand, narrowing the filter causes signal distortion. Thus, the

filter is desired to be narrow but not so narrow that significant distortion occurs.

The predetection filter characteristics are inputs to the computer program for system

evaluation.

The RF demodulator recovers an estimate of the modulating signal. It is only an

estimate because the signal includes distortion. In a flat system, this is the

estimate of the video test signal. In a preemphasized system the demodulated

signal must pass through a deemphasis filter to recover the estimate of the video

test signal.

The final output signal is compared with the input test signal for various specifications

of three- and four-pole Butterworth and Chebyshev filters and for various peak

deviations of the RF carrier. The distortion of the final test signal is used as a

measure of system quality.
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SECTION 2 - APPROACH

2.1 INTRODUCTION

The mathematical theory required to reclaim a modulating wave in a flat or preemphasized

FM television system is presented first with block diagrams to illustrate the sequences

of mathematical operations. Then, after the standard test signal is described, special

treatment of the test signal to facilitate analysis is explained. Finally, the numerical

methods used in the analysis are indicated.

Computer implementation of the mathematics involved in the analysis demands careful

consideration particularly because convolutions are involved. Convolutions performed

by numerical methods require lengthy computations in either the frequency domain with

the use of Fourier transforms or directly in the time domain. Much is written about the

economy of the fast Fourier transform (FFT) technique, and at first it appears that use

of the FFT would be more economical than direct implementation of the convolution in the

time domain. This is true when operations involve the same number of points in both the

frequency and the time domains. If the number of points required for an operation in the

time domain is less than that required for the equivalent operation in the frequency

domain, then the time domain is preferred. To illustrate this point, consider the time

impulse function, 6(t), whose Fourier transform is unity for all values of frequency,

while 6(t) is nonzero at only one point in the time domain. Some other difficulties with

the FFT method are integration with respect to time and division of two time functions.

For these various reasons the time convolution is preferred over the FFT method for

this application.

2.2 A MATHEMATICAL ANALYSIS OF THE VIDEO TEST SIGNAL DISTORTION

This mathematical analysis involves a method to reclaim the modulating wave of a flat or

preemphasized FM television system. The case of a preemphasized FM television system

is first considered, while the case of a flat FM television system can be regarded as a

special case of the former.
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Let f(t) denote a test signal which enters the preemphasis filter having impulse response,

Clhl(t), where hl(t) is the response of a passive filter and c 1 is the voltage gain required

to satisfy the preemphasis specification. The modulating wave m(t) after preemphasis is

given by
t

m(t) = c 1 f f(x)hl(t - x)dx (2-1)

The modulated carrier which is filtered in the predetection filter is

sl(t) = cos [wt + (t) (2-2)

where 0 is the angular frequency of the carrier and

t

0(t) = k f m(x)dx (2-3)

A constant of proportionality, k, relates the instantaneous frequency deviation to the

voltage of the modulating wave, m(t).

The modulated carrier is then passed through the predetection bandpass filter. The

impulse response, h2 (t), of the bandpass filter can be found from the specification of the

filter and can be written for a filter symmetric about its center frequency, w , as

h 2 (t) = 2h (t)cos w ot (2-4)

where hI(t) is the impulse response of the equivalent low-pass filter corresponding to

the bandpass filter. The theory of converting a bandpass to an equivalent lowpass filter

for analysis purposes is developed in Reference 1. The output, s 2 (t), of the filter is then

found by convolving the RF signal, sl(t), with the impulse response, h2 (t), as follows:

t

s 2 (t) =f cos [Wox + 0(x) h2 (t - x)dx (2-5)

On substituting for h 2 (t - x) the output becomes

2-2



t

s 2 (t) = cos [wox + (x)] 2h(t - x) cos [(t - x)]dx (2-6)
-o00

On expanding the last cosine term above and multiplying one gets

t

s 2 (t) = cos wt f 2 cos wox cos o x + O(x)]h(t - x)dx
-00

(2-7)
t

+ sin wot 2 sin cox cos ox + (x)]h (t - x)dx
oo

A further expansion of the terms of this equation gives

t

s 2 (t) = cos wt cos [2 x + (x) h(t - x)dx
-00

t

+ cos Wot f cos O(x)hl(t - x)dx
-00

(2-8)

+ sin w t sin[2w x + (x) h(t - x)dx
-o0

t

-sin wot f sin O(x)h,(t - x)dx
-- 00

Note that the first and third integrals are convolutions of an RF signal with the impulse

response of a lowpass filter. Thus, those terms are zero and s 2 (t) can be written as

s2(t) = A(t) cos wot + B(t) sin w t (2-9)

where
t

A (t) = f cos O(x)hl(t - x)dx (2-10)

-00

and
t

B(t) = f sin o(x)hl(t - x)dx (2-11)

-00
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Finally the band-filtered RF carrier can be written as

s 2 (t) = A2(t) + B2(t) cos[ot + (t)] (2-12)

where

i(t) = tan (2-13)

This is a convenient form since the demodulator output is proportional to the derivative

of ik(t), and

1( d tan- 1 [ 2 d (2-14)
t'+(t) = ttat 2 dt t)

LA (t)J

The modulating signal, m(t), can be estimated as Mi(t) by replacing 0(t) by 0(t) and m(t)

by m~(t) in Equation (2-3). Thus,

t

0(t) = k f (x)dx (2-15)
-oo

Differentiation of both sides of Equation (2-15) gives 0'(t) = k n(t) and the estimate of the

modulating signal is given by

k (2-16)m (t)= kt (2-16)

However, in the preemphasized FM television system I(t) is not yet the final output,

which is obtainable by passing mn(t) through the deemphasis filter having an impulse

response c 3 h 3 (t), where h3 (t) is the response of a passive filter and c 3 is the voltage gain

required to satisfy the deemphasis specification. The final output f(t) is, therefore,

t

f (t) = c 3 f (t)h 3 (t - x)dx (2-17)
-0o

The circumflex accent in f(t) is used to indicate an estimate of f(t). On substituting for

m (t) the final output becomes

c t
A c3 t
f(t) =k f '(x)h 3 (t - x)dx (2-18)

-oo
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A block diagram to summarize the sequence of mathematical operations involved in the

above analysis is presented in Figure 2-1.

For the case of a flat FM television system, the modulating wave m(t) is simply the test

signal, f(t); i. e., the function, 0 (t), in Equation (2-3) is given by

t

O(t) = k f f(x)dx (2-19)
-00

A
and the final output, f(t), is given in accordance with Equation (2-16) as

S(t) = (2-20)

with k in Equations (2-19) and (2-20) having the same meaning as before. A block diagram

summarizing the sequence of mathematical operations involved in this flat FM television

system is presented in Figure 2-2.

The determinations of the impulse responses of the preemphasis and deemphasis filters are

described in Appendix A, and those of the equivalent lowpass filters of the two types of

predetection filters involved are described in Appendix B.

The determination of the value of k in Equation (2-3) is shown below. To have equal

maximum frequency deviations on both sides of the center frequency of the predetection

filter, the zero frequency deviation is assigned at a level 0. 2 volt above the baseline of

the test signal shown in Figure 2-3. The instantaneous frequency deviation, '(t), is given

by differentiating the expression in Equation (2-3); i. e.,

O'(t) = km(t) (2-21)

Let v 1 be the minimum voltage of the input signal at an instant, tl, and let v 2 be the

maximum voltage of the input signal at another instant, t 2 . Then, from Equation (2-21)

the following relations are obtained:

' (t) = k v1  (2-22)

(t2) = k v2  (2-23)
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If D denotes the peak frequency deviation, then

(t2 ) -2) (t }
27rD =

p 2
(2-24)

k(v2 - V1)
2

for equal maximum frequency deviations from the center frequency of the predetection

filter. Since the voltage difference, v 2 - v 1 , is 1 volt,

k = 47D (2-25)

2.3 THE TEST SIGNAL AND ITS TREATMENT

The test signal used in the distortion analysis contains a T-pulse and a T-bar, as

specified in Reference 2. A T-pulse is one cycle of a raised sinusoid having a frequency

of . The T-pulse is often referred to as a sine-squared pulse because it can be
2T

generated by squaring a sinewave of half the frequency just mentioned. A T-bar is a

rectangular pulse with half a T-pulse used for the rise and the other half used for the fall.

The test signal is presented in Figure 2-3. A more detailed view of the pulse and bar

are shown in Figures 4-1 and 4-2. In any practical situation the T-pulse is sufficiently

separated from the synchronizing pulse that one can assume settling of any transient

effect by the beginning of the T-pulse. Similarly one can assume that any transient effect

preceding the T-bar has settled by the time it starts. The T-pulse is treated as though

the synchronizing pulse and the T-bar did not exist, and the T-bar is treated as though

the T-pulse and synchronizing pulse did not exist. Thus, the T-pulse and T-bar are

considered separately. The methods of decomposing each of these signals to simplify

the computer simulation are discussed.

2. 3. 1 T-Pulse Implementation

The T-pulse with its dc bias can be represented mathematically as
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f (t)= 0. 7 sin2[w(t - tl) - 0. 2, t1  t 2  (2-26)
(2-26)

= -0. 2 elsewhere

where w = 2r(1) (2-27)

T = 100 nanoseconds

The duration of the pulse interval (tl, t 2 ) is 200 nanoseconds.

For the case of a flat FM television system, the T-pulse applied to the system is given

by Equation (2-26) with intervals, (0, tl) and (t 2 , t 3 ), each of 600-nanosecond duration.

The signal is considered over the time interval from 0 to t 3 . This provides an interval

of observation both before and after the transient pulse. The interval preceding the

pulse allows time for settling of the system after the signal is applied to the predetection

filter and before the pulse occurs. The period following the pulse is required to observe the

delay and distortion on the output signal. The leading interval is required for settling

of the predetection filter transient which occurs upon application of the signal at time zero.

The preemphasis and deemphasis filters are tested with a dc voltage level applied for

a long time prior to the T-pulse. Thus, the resultant dc output signal from these filters

can be calculated simply as a constant times the input dc voltage without actually using

the convolution technique. The response to the T-pulse can be superimposed on the

calculated dc response to arrive at the output waveform. Thus, for the case of a

preemphasized FM television system, the principle of superposition is applied in order

to facilitate the analysis by computer.

The input time function, f(t), is divided up into two components.

f(t) = f(t) + f 2 (t) (2-28)

where

fl(t) = 0.7 sin2 [uL(t- tl)], t1 St- t 2 (2-29)

= 0, elsewhere;
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and

f2 (t) = -0. 2, all t (2-30)

When f(t) enters the preemphasis filter having an impulse response, clhl(t), the output

modulating signal, m(t), is given by a convolution operation.

m(t) = c 1  f(x)hl(t - x)dx
-o00

t t

= c 1 f f 1 (x)hl(t - x)dx + cI f f2 (x)hl(t - x)dx (2-31)

t t

=c 1 f 0.7 sin2 [W(x - t 1 (-x +t 2)hl(t - x)dx + cl f (-0. 2)hl(t - x)dx

t -00

where u is the Heaviside unit function. The upper limit of the integrals is changed to t

because the filter is causal, and the lower limit of the first integral is changed to t1

because the signal, fl(t), is zero for smaller values of time. The second term on the

right side of Equation (2-31) is the response of the filter to a dc voltage. If the transient

effect of applying a dc voltage is assumed to have subsided before the beginning of the

sine-squared pulse, then the effect of the filter on the dc voltage can be considered as

merely a constant attenuation. This constant attenuation is specified as a value of 10 dB

in Reference 3. Then, Equation (2-31) can be written as

0. 2
(t)=- t t

3. 162278 ' 1

t (2-32)

= 1.479 0.7 sin 2 (x - t 1 u(-x + t2 )hl(t - x)dx - 3.162278
t1

where the factor, 162278, corresponds to a dc attenuation of 10 dB and the factor, c1

1. 479, corresponds to a gain of 3. 39 dB.
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Thus, the modulating signal can be written as the superposition of two signals as follows:

m(t) = ml(t) + m 2 (t) (2-33)

where

ml(t)= -0. 0632456 for all t

t (2-34)

m 2 (t) = 1.4791 0. 7 sin 2[ (x - tl)]u(-x + t 2 )hl(t - x)dx, t t1
t1

= 0 elsewhere

The first of these signals is the response of the preemphasis filter to the dc portions of

the input signal, while the second is the response to the sine-squared component.

Since the frequency modulation and demodulation involved in this analysis are nonlinear

processes, the principle of superposition cannot be applied as it was with the preemphasis

filter. The modulating wave m(t) must be applied as it is given in Equation (2-32), but

the duration of the time intervals can be adjusted appropriately to reduce computation

time. It was found that a value of 600 nanoseconds for t 1 and a value of 800 nanoseconds

for the length of the time interval from t 1 to t 3 were large enough to evaluate the applied

signal (see Figure 4-131).

The steps outlined mathematically in Paragraph 2. 2 are implemented for finding the

demodulated output, qp'(t), as an estimate of m(t). The details of this implementation are

not discussed since no special simplifying technique is used for that portion of the

calculations.

Superposition is again applied at the deemphasis filter to simplify the calculations.

The demodulated output kI'(t) can be considered to consist of two parts, 01 and , where

pl is the response to the dc portion of the modulating wave, ml(t), and k2 is the response

to m 2 (t). Both ml(t) and m 2 (t) are defined by Equation (2-34). The demodulated output,

b'(t), can be written as

'(t) = ~l(t) + k2i(t) (2-35)
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consisting of the dc component, qrl(t), and the transient component, qjI(t). The input wave

can be written as

i(t) = l(oo) + 2&(t) (2-36)

where '1(oo) is the steady-state dc response having a value of -0. 0632456.

If c3 h3 (t) denotes the impulse response of the deemphasis filter, the response of the

deemphasis filter to the input wave, qJ'(t), is given by

f(t) = c3 (oo) + 2(x)] h 3 (t - x)dx
-00

t t
= c3 f- (0. 0632456)h 3 (t - x)dx + c3  (x)h3 (t - x)dx (2-37)

-0 t

A A

fl(t) + f2 (t)

where the upper limit of the integrals has been changed to t because the deemphasis filter

is causal, and the lower limit of the second integral has been changed to t I because the

function, V2 (t), is zero for smaller values of time.

A
If only the steady-state value, fl(t), is considered, it is given by

A A

fl(t) = f(o) (-0. 0632456)(3. 162278) (2-38)

where 3. 162278 is the value of the deemphasis amplification factor, c3 .
A

The final output, f(t), of the system is given by

f(t) = -0. 0632456(3.162278) + 3. 162278 ' 2(x)h3(t - x)dx

(2-39)

t
= -0. 2 + 3. 162278 f 2 (x)h3(t - x)dx

t
1
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From the previous derivations, it is seen that the response of the preemphasis and

deemphasis filters given by convolution operations are broken up into two separate con-

volutions, one of which can be evaluated without performing the operation. In this way,

the required computer time is greatly reduced.

2. 3. 2 T-Bar Implementation

The procedures described for the T-pulse implementation are also applicable to the T-bar

test signal when it is resolved into the right component parts. The following shows how

this can be done.

2. 3. 2. 1 The Rise Portion of the T-Bar

Let TR(t) represent the rise-portion of the T-bar having a mathematical representation

given by

TR(t) = -0. 2 t- t4

0. 7 sin2 (t-t) -0. 2, t tt 5  (2-40)

= 0.5 t5- t-t 6

where t 4 is the instant at which the half sine-squared pulse starts,

t 5 is the instant at which the half sine-squared pulse ends,

the duration of the interval (t4 , t 5 ) is 100 nanoseconds.

The duration of the interval, (t5, t6), is arbitrary as long as it is large enough for the

transient response of the filters to subside.

To make TR(t) suitable for the previously developed procedures of analysis in the case of

the T-pulse, TR(t) is reconstructed in the following way.

TR(t) = TR(t) + TR2 (t) (2-41)

where
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TR1(t) = 0 t<t 4

= 0.7 sin2[w(t - 
4 )], t 4 5 t <t 5  (2-42)

= 0.7 t 5  t t6

and

TR 2 (t) = -0. 2, all t (2-43)

When comparison is made with Equation (2-28), it is clear that TRl(t) corresponds to

fl(t) while TR 2 (t) corresponds to f2 (t), and the same procedures of analysis can be applied.

2. 3. 2. 2 The Fall Portion of the T-Bar

It is assumed that any transient filtering effects have subsided before reaching the fall

portion of the T-bar signal. This is reasonable because the pulse is quite long. There-

fore, the fall portion of the T-bar signal, TF(t), can be represented by

TF(t) = 0. 5 t < t 7

= 0.5 - 0. 7 sin2 (t - t7)] , t 7  t 5 t (2-44)

= -0.2 t > t

where the duration of the interval (t7 ,t 8 ) is also 100 nanoseconds, and the value of t7

is arbitrary.

T F(t) is also reconstructed in the following manner:

TF(t) = TFl(t) + TF 2 (t) (2-45)

where

TF(t) = 0 t < t 7

= -0.7 sin2 [(t- t 7 ) t 7 <t <t 8  (2-46)

= -0. 7 t > t 8
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and

TF 2 (t) = 0. 5, all t (2-47)

Again, with reference to Equation (2-28), it is seen that TF (t) corresponds to fl(t) and

TF 2 (t) to f2 (t) so that the same procedures of analysis can be applied.

For the case of a flat FM television system, the constant voltage portion of the T-bar

test signal was shortened to 600 nanoseconds and then the entire modified T-bar signal

was applied directly to the system.

2.4 NUMERICAL METHODS USED IN THE COMPUTER IMPLEMENTATION

The numerical formula used in the analysis for evaluating a definite integral is simply

the rectangular formula.

2 N

f f(x)dx =N f(t 1 + ndt)At (2-48)
t n=l

where f(t) is a given continuous time function,

t1 and t 2 are the limits of integration,

N is the number of sections into which the interval of integration (t2 - tl) is

partitioned,

t -t
At - , the size of an increment of time.

N

The numerical formula used for differentiation is a three-point one (Reference 4) as

follows:

1
fl (-3f + 4f i+- f) (2-49)

where f, f and f2 are the values of the given function f(t) at the ith, (i + 1)th , and
' fi+1' 1+2

(1 + 2) t h points of the t-axis,
th

f'. is the approximate value of the derivative of f(t) at the i point of the t-axis,
1

at is the step-size into which the t-axis is divided.
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The numerical formula for evaluating a given convolution of two causal time functions is

given below, and its rigorous proof can be found in Reference 5.

Let

R(t) = f(x)g(t - x)dx (2-50)

where f(t) and g(t) are two causal functions.

If the range of integration is divided into n intervals of At second, then R(nAt) is given by

n

R(nAt) = At f mg (2-51)

m=0
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SECTION 3 - DESCRIPTION OF COMPUTER PROGRAMS

3.1 INTRODUCTION

The computer programs, developed in FORTRAN for the FM distortion analysis, are

discussed in this section and a listing of the programs is found in Appendix C.

The programs are not combined into a single program, because some results are

calculated only once and are stored in data files for repeated use as input data for

some of the other programs. There are sixteen numbered programs each of which

performs a particular function as shown in Table 3-1. The final results of each

program are stored in data files which can be printed out if desired or used

directly as input data for other programs. Some of the computer programs are

very similar and will be described as a group.

The computer programs all use a 1-nanosecond time increment for sampling

and mathematical operations such as integration and differentiation.

3.2 COMPUTER PROGRAM 1

This computer program is used to generate sample values of components of a

T-bar test signal. Its flowchart is shown in Figure 3-1. The data generated

by this program are used as input data for Program 7. The program calculates

samples of the rise and fall components of the T-bar according to Equations

(2-42) and (2-46), respectively.

It generates samples at one-nanosecond intervals from the leading edge of the

sine-squared curve at time, T1, to some later time, TEND, following the end of

the sine-squared curve. In this program, T1 is always set to zero, and the end

of the sine-squared curve is designated T3 with a value of 100 nanoseconds.

The sample values generated by this program are printed out and stored in two

data files for later use - one for the rise and one for the fall.
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3.3 COMPUTER PROGRAM 2

This computer program is used to generate sample values of an unbiased T-pulse.

The flow chart, similar to that for the T-bar, is shown in Figure 3-2. The sample

values are calculated, according to Equation(2-29), at 1-nanosecond intervals from

the leading edge of the sine-squared curve at time, T1, to some later time, TEND,

following the end of the sine-squared pulse. The sample values for times later

than T3 are zero. In this program, T1 is always set to zero, and the end of the

sine-squared curve is designated T3 with a value of 200 nanoseconds. The sample

values are printed out and stored in a data file for later use in Program 8.

3.4 COMPUTER PROGRAM 3

This program generates samples of the biased and shortened T-bar test signal.

The flowchart for this program is shown in Figure 3-3. The data generated by

this program are used as input data for Program 9. It generates samples at

1-nanosecond intervals from zero time to some later time, TEND (1800 nano-

seconds). The samples are calculated for the T-bar signal starting at time

T1 (600 nanoseconds) and ending at T4 (1400 nanoseconds), and they include

values of the -0. 2-volt dc bias for 600 nanoseconds preceding the shortened

T-bar and 400 nanoseconds following it.

The sample values generated by this program are printed out and stored in a

data file for later use.

3.5 COMPUTER PROGRAM 4

This program generates samples of the biased T-pulse test signal. The flow-

chart for this program is shown in Figure 3-4. The data generated by this

program are used as input data for Program 9. It generates samples at one-

nanosecond intervals from zero time to some later time, TEND (1400 nano-

seconds). The samples are calculated for the T-pulse signal starting at

time T2 (600 nanoseconds) and ending at T3 (800 nanoseconds), and they include
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values of the -0. 2-volt dc bias for 600 nanoseconds preceding the T-pulse and 600 nano-

seconds following it.

3.6 COMPUTER PROGRAMS 5 and 6

These two computer programs are used to generate sample values of the preemphasis

and deemphasis filters, respectively. Their flowcharts are identical and therefore

only one flowchart is shown for them in Figure 3-5.

The samples, calculated by Program 5 and used as input data for Program 7, are

printed out and stored in a data file for later use. Those calculated by Program 6 and

used as input data for Programs 15 and 16 are also printed out and stored in a separate

data file.

3.7 COMPUTER PROGRAM 7

This computer program is used to generate sample values of the modulating wave for the

case of a preemphasized FM television system with a T-bar test signal. Rise and fall

sections of the T-bar are calculated separately and are stored in two separate files.

The flowchart for this program is shown in Figure 3-6. The input data are generated

by Programs 1 and 5. Program 1 supplies the samples of the rise and fall components

of the T-bar test signal, while Program 5 supplies sample values of the preemphasis

impulse response. This program performs the convolutions required and adds in the

dc voltage levels to generate samples of the output waveforms of the preemphasis filter.

These data are printed out and stored in files for later use in Program 9.

3.8 COMPUTER PROGRAM 8

This computer program is used to generate sample values of the modulating wave for the

case of a preemphasized FM television system with a T-pulse test signal. The flow-

chart for this program is shown in Figure 3-7. The input data are generated by

Programs 2 and 5. Program 2 supplies samples of the T-pulse, while Program 5

supplies sample values of the preemphasis impulse response. This program performs

the convolutions required and adds in the dc voltage levels to generate samples of the

output waveform of the preemphasis filter. These data are printed out and stored in

files for later use in Program 9.
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3.9 COMPUTER PROGRAM 9

This program calculates sample values of cos 4(t) and sin c(t) for both flat

and preemphasized FM television systems. The .flowchart is shown in Figure 3-8..

The input samples of the modulating wave generated by Program 3, 4, 7, or 8, are

used to calculate samples of 0(t) in accordance with Equation (2-3) for the pre-

emphasized case and in accordance with Equation (2-19) for the flat case. After

integrating to obtain ((t) the sample values of cos 0(t) and sin f(t) are calculated and

stored in two separate files for later use in Program 14, 15, or 16.

3.10 COMPUTER PROGRAMS 10 THROUGH 13

All these computer programs are used to generate the sample values of the impulse

responses of three - and four-pole Butterworth lowpass filters, the three- and four-

pole Chebyshev lowpass filters. The single flowchart for Programs 10 and 12 is

shown in Figure 3-9, and the flowchart for Programs 11 and 13 is shown in

Figure 3-10. The variable, FB, in these programs represents the bandwidth in Hertz

and should be assigned a value accordingly. In Programs 10 and 11, FB is the half-

power bandwidth of a Butterworth filter, while in Programs 12 and 13 it represents

the ripple bandwidth of a Chebyshev filter. The resulting sample values of the

impulse response are stored in a file for later use in Program 14, 15, or 16.

3.11 COMPUTER PROGRAM 14

This computer program performs the final mathematical operations required to

obtain sample values of the final output of a flat FM television system. The flow-

chart is shown in Figure 3-11. There are three input data files for this program,

and they contain sample values of cos p(t), sin 4(t) and h (t). Values of cos 4P(t)

and sin 4(t) are generated by Computer Program 9 and values of hI (t) are generated

by Programs 10, 11, 12, or 13, depending on the predetection filter specifications.

The peak deviation, DP, must be specified within the program. The program

functions as follows:
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Two convolution operations produce the time functions, A(t) and B(t), defined by

Equations (2-10) and (2-11). A(t) and B(t) are obtained by convolving cos q(t)

and sin ((t) with the impulse response h,(t) of an equivalent lowpass predetection

filter. The sample values of cos 0(t), sin 4(t), and h (t) are read from files

into the vectors FLCOS, FLSIN, and HBF, respectively. The resulting sample

values of A(t) and B(t) are retained in the vectors A and B, respectively.

The time function qJ(t),which is the arctangent of B(t)/A(t), is then produced and the

sample values of qp(t) are retained in the vector PHI. When A(t) takes a value of

zero, the corresponding calculation of the arctangent of B(t)/A(t) is skipped. This

fact is reported by printing out the message "A=0.0. "

Finally, the differentiation of qi(t) is performed and the sample values of the

resulting function, tp'(t), are then divided by K. Then the resulting sample values

of the final output are retained in a file and are also printed out.

3.12 COMPUTER PROGRAMS 15 AND 16

Programs 15 and 16 are used to calculate sample values of the final output waveform

for a preemphasized FM television system. Program 15 calculates the system

response to the T-pulse or to the rise portion of the T-bar test signal. Program 16

calculates the system response to the fall portion of the T-bar. These two programs

are identical except for the values of two constants; therefore, only one flowchart,

shown in Figure 3-12, is used to describe the programs. There are four input data

files for this program, and they contain sample values of cos 0(t), sin 0(t), hp(t),

and h 3 (t). The values of cos 0(t) and sin 4(t) are generated by Computer Program 9

and values of hg(t) are generated by Program 10, 11, 12, or 13, depending on the

predetection filter specification. The peak deviation must be specified within

each program. The value M in Program 15 is specified as 1200 for T-bar calcu-

lations and as 1400 for T-pulse calculations. The value of M does not change from

1200 in Program 16. Each program functions as follows:
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Two convolution operations produce the time function, A(t) and B(t), defined by

Equations (2-10) and (2-11). A(t) and B(t) are obtained by convolving cos 4(t)

and sin 0(t) with the impulse response, h, (t), of an equivalent lowpass predetection

filter. The sample values of cos 0(t), sin ((t), and hp(t) are read from files into

the vectors FLOCOS, FLSIN, and HBF, respectively. The resulting sample values

of A(t) and B(t) are retained in the vectors A and B, respectively.

The time function, q(t), which is the arctangent of B(t)/A(t) is then produced and the

sample values of tlI(t) are retained in the vector PHI. When A(t) takes a value of

zero, the corresponding calculation of arctangent of B(t)/A(t) is skipped. This

fact is reported by printing out the message "A=0.0".

The differentiation of qp(t) is then performed and the sample values of the resulting

function, q(t), are divided by K and retained in the vector PHID. Then all these sample

values are examined for computational errors. The errors, occurring in pairs, are

corrected by interpolation.

After corrections are made to the components of the vector PHID, this vector is

convolved with the vector HDE, which contains the sample values of the impulse

response of the deemphasis filter, to give the final output of the preemphasized

FM television system.
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Table 3-1. Functions of Computer Programs

PROGRAM PROGRAM

NUMBER FUNCTION

1 Generates the sample values of a T-bar sig-

nal for a preemphasized FM television sys-

tem.

2 Generates the sample values of a T-pulse

signal for a preemphasized FM television

system.

3 Generates the sample values of a T-bar sig-

nal for a flat FM television system.

4 Generates the sample values of a T-pulse

signal for a flat FM television system.

5 Generates the sample values of the impulse

response of the preemphasis filter.

6 Generates the sample values of the impulse

response of the deemphasis filter.

7 Calculates the sample values of the modu-

latingwave corresponding to a T-bar sig-

nal in a preemphasized FM television sys-

tem.

8 Calculates the sample values of the modu-

lating wave corresponding to a T-pulse test

signal in a preemphasized FM television sys-

tem.

9 Calculates the sample values of the time

function cos 0(t) and sin d(t).

10 Generates the sample values of the impulse

response of a symmetrical 3-pole Butter-

worth filter.
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Table 3-1. Functions of Computer Programs

PROGRAM PROGRAM

NUMBER FUNCTION

11 Generates the sample values of the impulse

response of a symmetrical 4-pole Butter-

worth filter.

12 Generates the sample values of the impulse

response of a symmetrical 3-pole Chebyshev

filter.

13 Generates the sample values of the impulse

response of a symmetrical 4-pole Chebyshev

filter.

14 Calculates the sample values of the final out-

put of a flat FM television system.

15 Calculates the sample values of the final out-

put of a preemphasized FM television system
when the input is either a T-pulse or the rise

portion of the T-bar signal.

16 Calculates the sample values of the final

output of a preemphasized FM television

system when the input is the fall portion of

the T-bar signal.

3-8



START

DEFINE
DIMENSIONS
OF VECTORS

DEFINE
CONSTANTS

YES X(N)0.7
T T3? fo C u - 0.7

A =W'T

X(N) 
= 

0.7 SIN
2 

(A)
Y(N)

= 
-X(N)

T=T+DT 1

N=N+I1 NO: T>TEND?

YES

STORE

X AND Y
IN

FILES

PRINT

X AND Y

STOP

Figure 3-1. Flowchart for Computer Program 1
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Figure 3-2. Flowchart for Computer Program 2
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Figure 3-3. Flowchart for Computer Program 3
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Figure 3-4. Flowchart for Computer Program 4
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Figure 3-5. Flowchart for Computer Programs 5 and 6
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Figure 3-6. Flowchart for Computer Program 7
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Figure 3-7. Flowchart for Computer Program 8
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Figure 3-8. Flowchart for Computer Program 9
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Figure 3-9. Flowchart for Computer Programs 10 and 12
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Figure 3-10. Flowchart for Computer Programs 11 and 13
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Figure 3-11. Flowchart for Computer Program 14
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SECTION 4 - ANALYSIS OF COMPUTER RESULTS

4.1 INTRODUCTION

The computer programs described in Section 3 and listed in Appendix B are developed to

calculate responses of FM television systems to a T-pulse-and-bar test signal. The

responses are calculated for 64 different combinations of system parameters. These

responses are used as a measure of the distortion quality of the systems being evaluated.

The response of a system can be compared with the input test signal and with the responses

of other systems.

Table 4-1 is convenient for finding the figure showing the calculated system response for

particular system parameters.

4.2 INPUT TEST SIGNAL

The T-pulse-and-bar test signal is shown in Figure 2-3 in terms of the time relation of

the pulse and bar to a single television line scan. Figure 4-1 shows the T-pulse in

detail, while Figure 4-2 shows the T-bar in detail. The width of the pulse at half ampli-

tude is T, having a value of 100 nanoseconds. The entire length of the pulse is 200 nano-

seconds. The height of the pulse is 0. 7 volt extending from -0. 2 volt to 0. 5 volt.

The T-bar has a width of 25. 0 microseconds at half amplitude and a total length of 25. 2

microseconds. Its height is also 0. 7 volt extending from -0. 2 volt to 0. 5 volt. Note that

a break in the graph of Figure 4-2 is used to indicate that the T-bar continues at the same

level over a long period of time from one side of the break to the other. This technique

is used to show detail of the T-bar on a single page.

4.3 PRESENTATION OF THE RESULTS

The calculated system responses to the T-pulse-and-bar are shown in Figures 4-3 through

4-130. Table 4-1 is an index for these figures. In all cases the T-bar response for a partic-

ular specified system is found in the figure immediately following the T-pulse response

for that same system. This is clearly presented in Table 4-1. For example, the T-pulse
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response of a preemphasized FM system with a three-pole Butterworth predetection

filter having a half-power bandwidth of 10 MHz and with a 5-MHz peak deviation is

found in Figure 4-67. The T-bar response for the same system is found in Figure 4-68.

The RF bandwidths of the predetection filters are specified in two ways. Half-power

bandwidths are specified for the Butterworth filters and ripple bandwidths are specified

for the Chebyshev filters. Table 4-2 shows the half-power bandwidths corresponding to

the ripple bandwidths for all the cases analyzed.

4.4 DISCUSSION OF THE RESULTS

The distortion of the test signal in passing through the system can be evaluated as a

function of the system parameters. The effect of the RF predetection filter type, its

number of poles, its bandwidth, the peak deviation, and preemphasis are discussed.

4. 4. 1 Effects of Predetection Filter Types

A comparison is made of the distortion effects resulting from the use of Butterworth

and Chebyshev filters with the same number of poles and the same specified bandwidths.

Comparison of the cases exhibiting a rather large distortion is first made. Consider

the cases for the three-pole, 10. 0-MHz filters and 5. 0-MHz peak deviation. Table 4-1

shows that Figures 4-3 and 4-4 give the test signal response for a flat system utilizing

a Butterworth filter and that Figures 4-19 and 4-20 give the corresponding test signal

response for a flat system utilizing a Chebyshev filter. The undershoot of the T-pulse

in these cases is 3. 1%(0. 022 volt) for the Butterworth and 2.3% (0.016 volt) for the

Chebyshev cases. These undershoot values compare, respectively, with 6. 9% (0. 048 volt)

and 2. 1% (0. 015 volt) for a preemphasized system. These latter numbers are derived

from Figures 4-67 and 4-83. The T-bar responses also show more distortion for the

Butterworth than for the Chebyshev cases. If the same comparison is made for four-

pole filters, the Chebyshev filter again looks better. On the basis of this comparison of

the use of a Butterworth filter having a given half-power bandwidth with a Chebyshev filter

having a ripple bandwidth of the same value, the Butterworth filter produces more distortion.
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Since this comparison may not be fair to the Butterworth filter a similar comparison is

made comparing Butterworth and Chebyshev filters having the same half-power band-

widths as well as the same number of poles. Table 4-2 shows that a four-pole Chebyshev

filter having a 10. 0-MHz ripple bandwidth has a half-power bandwidth of 12. 13 MHz;

therefore, the four-pole Chebyshev filter with a 10. 0-MHz ripple Bandwidth can be

compared with the four-pole Butterworth filter with a 12. 0-MHz half-power bandwidth.

The comparison for the T-pulse in a flat system can be made by comparing Figures 4-43

and 4-57. These cases utilize a peak deviation of 6.0 MHz. The undershoot is 3. 9%

(0. 028 volt) for the Butterworth case compared with 4.3% (0. 030 volt) for the Chebyshev.

This difference is rather small. On the fall side of the T-pulse the overshoot is 2. 9%

(0. 020 volt) for the Butterworth filter compared with 4.3% (0. 030 volt) for the Chebyshev.

Thus, it appears that the Chebyshev filter still produces slightly more distortion than the

corresponding Butterworth filter. When the T-bar signals are compared in Figures 4-44

and 4-58, one sees that the Butterworth filter produces an overshoot of 2. 7% (0. 019 volt)

on the fall compared with 2. 3% (0. 016 volt) for the Chebyshev. This would indicate that

the Butterworth filter produces slightly more distortion than the Chebyshev. Thus, there

appears to be no significant difference in the performance of the comparable Butterworth

and Chebyshev filters for a flat system.

A similar comparison for a preemphasized system shows a more significant difference

in performance of the two types of filters. A comparison of T-pulse distortions is made

by observing Figures 4-107 and 4-121. The undershoot is 5. 6% (0. 039 volt) for the

Butterworth case compared with 6.0% (0. 042 volt) for the Chebyshev, and on the fall

side of the T-pulse the overshoot is 4.4% (0. 031 volt) for the Butterworth compared with

9. 9% (0. 069 volt), the largest of all overshoots, for the Chebyshev. That the Chebyshev

filter produces more distortion than the Butterworth in this case is strengthened by

comparing the overshoots at the fall ends of the T-bar output signals. Figures 4-108

and 4-122 show overshoots of 1. 4% (0. 010 volt) and 3. 6% (0. 025 volt), respectively,

for the Butterworth and Chebyshev filters. Thus, the Chebyshev overshoot at the end

of each signal is approximately twice as large as for the corresponding Butterworth

overshoot.
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For broadband cases the distortion from one filter to another is small enough that any

differences in the distortions are also small. In such cases the differences may be

within the accuracy of the computer estimation of the output signal.

In conclusion, if preemphasis is used, it appears that the Chebyshev filter produces more

distortion than a Butterworth filter with the same number of poles and the same half-power

bandwidth and that without preemphasis there is no significant difference. It also appears

that the Butterworth filter with a certain half-power bandwidth produces significantly more

distortion than a Chebyshev filter with a ripple bandwidth numerically equal to the half-power

bandwidth of the Butterworth filter.

4. 4. 2 Effects of the Number of Poles of the Predetection Filter

If all other parameters of the FM system remain fixed, the number of poles of the RF

predetection filter affect the distortion of the system. In fact, distortion increases with

the number of poles, and some examples are chosen to illustrate this point.

First, an example of Butterworth filters is chosen. Figures 4-3 and 4-9 are compared

for T-pulse distortion. The peak deviation is 5. 0 MHz and the half-power bandwidth is

10. 0 MHz for this case. The undershoot at the top of the pulse is only 3. 1% (0. 022 volt) for the

three-pole filter compared with 3.7% (0. 026 volt) for the four-pole filter. The overshoot at the

end of the pulse is 4.3% (0. 030 volt) compared with 5. 7% (0. 040 volt) with the larger number

of poles causing the larger distortion. A similar effect is found in a preemphasized system.

It also shows up in the T-bar responses, which can be compared in Figures 4-4 and 4-10.

An example chosen for the Chebyshev case is the comparison of Figures 4-99 and 4-105

for a preemphasized system with a peak deviation of 6. 0 MHz and a ripple bandwidth of

10. 0 MHz. The T-pulse exhibits an undershoot of 7. 4% (0. 052 volt) at the peak for the three-

pole filter compared with 8. 6% (0. 060 volt) for the four-pole case. Again a four-pole filter is

seen to cause a larger distortion than a three-pole filter.

4. 4. 3 Effects of the Bandwidth of the Predetection Filter

The bandwidth of the predetection filter definitely affects the distortion of the test
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signal and this effect is clearly seen in the output waveforms. If all other system para-

meters are unchanged, an increase in bandwidth results in a decrease in distortion.

As the bandwidth of the three-pole Butterworth predetection filter increases from 10. 0

MHz to 12. 0 MHz and then to 15. 0 MHz, the T-pulse distortion shown in Figures 4-3,

4-5, and 4-7 decreases. The T-pulse undershoot at its peak is 3. 1% (0. 022 volt) for a 10.0-

MHz bandwidth, 2. 6% (0. 018 volt) for a 12. 0-MHz bandwidth, and 1. 4% (0. 010 volt) for a 15. 0 -

MHz bandwidth. The overshoot at the end of the pulse decreases from 4.3% (0. 030 volt) to

2. 1% (0. 015 volt) and finally to' 1. 1% (0. 008 volt) as the bandwidth increases. Similar

decreases in distortion occur in other examples as the bandwidth of the predetection filter

increases., As it increases without other changes, more of the RF spectrum is passed by

the filter and this results in less distortion of the modulated waveform, which, in the end,

results in a less distorted output signal.

4. 4. 4 Effects of Peak Deviation

A change in the peak deviation affects the distortion if all other system parameters

remain unchanged. The figures listed at the top of Table 4-1 can be compared on a

one-to-one basis with those at the bottom of the table. Those at the top are for a 5. 0-

MHz peak deviation, and those at the bottom are for a 6. 0-MHz peak deviation. In com-

paring Figure 4-3 with Figure 4-35 one sees that the T-pulse undershoots by 3. 1% (0.022

volt) at the peak in the first figure and by 4.3% (0.030 volt) in the latter. However, the

overshoot at the end of the pulse is 4.3% in both figures. In general, such comparisons

as this indicate more distortion with more peak deviation. This is to be expected, since

more of the FM spectrum is rejected by the predetection filter as the peak deviation

increases.

4. 4. 5 Effects of Preemphasis

If all other system parameters are unchanged, the distortion of the test signal depends

on whether or not preemphasis is used. It is quite clear from the data that preemphasis

increases distortion of the test signal. As an example, compare the distorted T-pulses

of Figures 4-3 (flat) and 4-67 (preemphasized). The undershoot of the pulse peak in the

flat system is 3. 1% (0. 022 volt) compared with 6.9% (0. 048 volt) in the preemphasized
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system, and the overshoot at the end of the pulse is 4.3% (0. 030 volt) in the flat system

compared with 4. 6% (0. 032 volt) in the preemphasized system.

This effect can be explained if the modulating signals are compared for the two cases.

In the flat case the modulating signal is just the T-pulse-and-bar as shown in Figures 4-1

and 4-2. The modulating voltage ranges from -0. 2 volt to 0. 5 volt and the peak deviations

correspond to ±0. 5 volt. If a preemphasis filter is added, the modulating waveform

takes the form shown in Figures 4-131 through 4-133.

Figure 4-131 shows the response of the preemphasis filter to the T-pulse. Note that

the modulating voltage reaches a peak of 0. 79 volt corresponding to a peak deviation

that is 58% larger than that which occurs without preemphasis. Naturally the pre-

detection filter distorts this peak, since the RF frequency corresponding to the peak is

farther from the center of the predetection filter. At the end of the pulse the preempha-

sis filter causes an overshoot to -0. 33 volt compared with -0. 20 volt for the flat case.

Thus, one could possibly expect more distortion at the end of the pulse in a narrow-band

system, although the peak deviation is not excessive on that side of the carrier frequency.

Figure 4-132 shows the response of the preemphasis filter to the rise portion of the

T-bar. Again, as in the case of the T-pulse, the voltage rises to 0. 79 volt which provides

a 58% increase in peak deviation over that without preemphasis. Then the voltage

slowly falls to a lower constant dc level. This results in an increased deviation on one

side of the carrier frequency and distortion by the predetection filter.

Figure 4-133 shows the response of the preemphasis filter to the fall portion of the T-bar.

Here the voltage falls to approximately -0.7 volt, causing an increase of 40% in peak

deviation over that achieved at the peak of the synchronizing pulse in the absence of pre-

emphasis. Preemphasis increases the deviation of the T-bar test signal on the low side

of center frequency by 350%, since the T-bar test signal goes only as low as -0. 2 volt

in the absence of preemphasis.

Clearly preemphasis causes increased distortion of a T-pulse-and-bar test signal over

that of a flat system, and that increased distortion results from the increased deviation

of the RF carrier and resultant distortion of the RF carrier.
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Table 4-1. List of Figures Showing Pulse and Bar Responses
of Specified FM Systems

SYSTEM PARAMETERS FIGURE NUMBERS

Peak
Filter Number Bandwidth Flat Preemphasized

Deviation
Type* of Poles (MHz) Pulse Bar

(MHz) Pulse Bar Pulse Bar

B 3 10 5 4-3 4-4 4-67 4-68

B 3 12 5 4-5 4-6 4-69 4-70

B 3 15 5 4-7 4-8 4-71 4-72

B 4 10 5 4-9 4-10 4-73 4-74

B 4 12 5 4-11 4-12 4-75 4-76

B 4 15 5 4-13 4-14 4-77 4-78

B 4 20 5 4-15 4-16 4-79 4-80

B 4 30 5 4-17 4-18 4-81 4-82

C 3 10 5 4-19 4-20 4-83 4-84

C 3 12 5 4-21 4-22 4-85 4-86

C 3 15 5 4-23 4-24 4-87 4-88

C 4 10 5 4-25 4-26 4-89 4-90

C 4 12 5 4-27 4-28 4-91 4-92

C 4 15 5 4-29 4-30 4-93 4-94

C 4 20 5 4-31 4-32 4-95 4-96

C 4 30 5 4-33 4-34 4-97 4-98

B 3 10 6 4-35 4-36 4-99 4-100

B 3 12 6 4-37 4-38 4-101 4-102

B 3 15 6 4-39 4-40 4-103 4-104

B 4 10 6 4-41 4-42 4-105 4-106

B 4 12 6 4-43 4-44 4-107 4-108

B 4 15 6 4-45 4-46 4-109 4-110

B 4 20 6 4-47 4-48 4-111 4-112

B 4 30 6 4-49 4-50 4-113 4-114

C 3 10 6 4-51 4-52 4-115 4-116

C 3 12 6 4-53 4-54 4-117 4-118

C 3 15 6 4-55 4-56 4-119 4-120

C 4 10 6 4-57 4-58 4-121 4-122

C 4 12 6 4-59 4-60 4-123 4-124

C 4 15 6 4-61 4-62 4-125 4-126

C 4 20 6 4-63 4-64 4-127 4-128

C 4 30 6 4-65 4-66 4-129 4-130

*Note: B for Buttersworth; C for Chebyshev
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Table 4-2. Half-Power Bandwidths Corresponding to the

0. 1-dB Ripple Bandwidths for Three- and Four-Pole Chebyshev Filters

Ripple

Bandwidth 3 Poles 4 Poles

(MHz)

10 13.89 12.13

12 16.67 14.55

15 20.84 18.20

20 --- 24.26

30 --- 36.39
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Figure 4-1. T-Pulse Test Signal
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Figure 4-3. Response of a Flat FM Television System

Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B = 10 MHz, Dp = 5 MHz)
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Figure 4-5. Response of a Flat FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal
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Figure 4-8. Response of a Flat FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B=15 MHz, D = 5 MHz)P
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Figure 4-11. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B=12 MHz, D =5 MHz)
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Figure 4-12. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =12 MHz, D = 5 MHz)P
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Figure 4-13. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal
(B =15 MHz, D = 5 MHz)
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Figure 4-14. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B=15 MHz, D = 5 MHz)
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Figure 4-15. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal
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Figure 4-16. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B = 20 MHz, D = 5 MHz)
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Figure 4-17. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B =30 MHz, D =5 MHz)
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Figure 4-18. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =30 MHz, D = 5 MHz)
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Figure 4-19. Response of a Flat FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =10 MHz, D =5 MHz, Ripple = 0.1 dB)
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Figure 4-20. Response of a Flat FM Television System

Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal
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Figure 4-21. Response of a Flat FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =12 MHz, D = 5 MHz, Ripple = 0.1 dB)
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Figure 4-22. Response of a Flat FM Television System

Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal
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Figure 4-23. Response of a Flat FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 15 MHz, Dp = 5 MHz, Ripple = 0.1 dB)
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Figure 4-24. Response of a Flat FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =15 MHz, D = 5 MHz, Ripple = 0.1 dB)



0 .6 -- ----- -

0.5

0.4

0.3

0.2

0.1

-0.2

-0.3
0 0.1 0.2 0.3 0.4 0.5 0.6

TIME (ASEC)

Figure 4-25. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal
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Figure 4-26. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B =10 MHz, D =5 MHz, Ripple = 0.1 dB)
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Figure 4-27. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 12 MHz, Dp = 5 MHz, Ripple = 0. 1 dB)

4-35



0. .

0.6

0.5

0.4

0.3

S0. 2

0.1

0o
0

-0.1

-0.2

-0.3
0 0.1 0.2 0.3 25.0 25.1 25.2 25.3 25.4

TIME (/l SEC)

Figure 4-28. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B =12 MHz, D = 5 MHz, Ripple = 0.1 dB)P
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Figure 4-29. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 15 MHz, Dp = 5 MHz, Ripple = 0.1 dB)
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Figure 4-30. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal
(B = 15 MHz, Dp = 5 MHz, Ripple = 0.1 dB)P



0. 7

0.6

0. 5

0.4

0.3

0.2

0.1

-0. 0

-0.1

-0.2

-0.3
0 0.1 0.2 0.3 0.4 0.5 0.6

TIME (JLSEC)

Figure 4-31. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 20 MHz, Dp = 5 MHz, Ripple = 0.1 dB)
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Figure 4-32. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal
(B = 20 MHz, Dp = 5 MHz, Ripple = 0.1 dB)P
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Figure 4-33. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 30 MHz, Dp = 5 MHz, Ripple = 0.1 dB)
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Figure 4-34. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal0.(B=30 MH, D =5MHz, Ripple=0.1dB)

(B = 30 Hz, Dp = 5 MHz Ripple = dB)
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Figure 4-35. Response of a Flat FM Television System

Having a 3-Pole Butterworth Filter to a T-Pulse

Test Signal (B = 10 MHz, Dp = 6 MHz)
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Figure 4-36. Response of a Flat FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B =10 MHz, D = 6 MHz)p
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Figure 4-37. Response of a Flat FM Television System

Having a 3-Pole Butterworth Filter to a T-Pulse
Test Signal (B = 12 MHz, D = 6 MHz)
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Figure 4-38. Response of a Flat FM Television System
Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B =12 MHz, D = 6 MHz)P
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Figure 4-39. Response of a Flat FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse

Test Signal (B = 15 MHz, D = 6 MHz)
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Figure 4-40. Response of a Flat FM Television System
Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B =15 MHz, Dn = 6 MHz)P
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Figure 4-41. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse

Test Signal (B = 10 MHz, D = 6 MHz)
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Figure 4-42. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B=10 MHz, D = 6 MHz)
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Figure 4-43. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse

Test Signal (B = 12 MHz, D = 6 MHz)
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Figure 4-44. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =12 MHz, Dp = 6 MHz)P
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Figure 4-45. Response:of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse

Test Signal (B = 15 MHz, D = 6 MHz)
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Figure 4-46. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B =15 MHz, D =6 MHz)
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Figure 4-47. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse
Test Signal (B = 20 MHz, D = 6 MHz)
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Figure 4-48. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B=20 MHz, D = 6 MHz)P
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Figure 4-49. Response of a Flat FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse
Test Signal (B = 30 MHz, D = 6 MHz)
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Figure 4-50. Response of a Flat FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B=30 MHz, D =6 MHz)
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Figure 4-51. Response of a Flat FM Television System Having

a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 10 MHz, Dp = 6 MHz, Ripple = 0.1 dB)
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Figure 4-52. Response of a Flat FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =10 MHz, Dp = 6 MHz, Ripple = 0.1dB)P
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Figure 4-53. Response of a Flat FM Television System Having

- a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 12 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-54. Response of a Flat FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =12 MHz, D = 6 MHz, Ripple =0.1 dB)
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Figure 4-55. Response of a Flat FM Television System Having

a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =15 MHz, D = 6 MHz, Ripple = 0.1dB)
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Figure 5-56. Response of a Flat FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =15 MHz, D = 6 MHz, Ripple = 0. 1 dB)P
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Figure 4-57. Response of a Flat FM Television System Having
a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 10 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-58. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B =10 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-59. Response of a Flat FM Television System Having

a 4-Pole Chebyshev Filter to a T-Pulse Test Signal
(B = 12 MHz, Dp = 6 MHz, Ripple = 0.1 dB)
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Figure 4-60. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 12 MHz, D = 6 MHz, Ripple = 0.1 dB)P
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Figure 4-61. Response of a Flat FM Television System Having
a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B= 15 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-62. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B=15 MHz, D = 6 MHz, Ripple =0.1dB)P
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Figure 4-63. Response of a Flat FM Television System Having
a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 20 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-64. Response of a Flat FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal
(B = 20 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-65. Response of a Flat FM Television System Having
a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B=30 MHz, D =6 MHz, Ripple = 0.1 dB)
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Figure 4-66. Response of a Flat FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 30 MHz, Dp = 6 MHz, Ripple = 0. 1 dB)
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Figure 4-67. Response of a Preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B =10 MHz, D = 5 MHz)
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Figure 4-68. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B =10 MHz, D = 5 MHz)P
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Figure 4-69. Response of a Preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B =12 MHz, D = 5 MHz)
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Figure 4-70. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B = 12 MHz, D = 5 MHz)P
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Figure 4-71. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal
(B = 15 MHz, D = 5 MHz)
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Figure 4-72. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal
(B =15 MHz, D =5 MHz)
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Figure 4-73. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B= 10 MHz, D = 5 MHz)
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Figure 4-74. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =10 MHz, D = 5 MHz)P
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Figure 4-75. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal
(B =12 MHz, D = 5 MHz)
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Figure 4-76. Response of a Preeamphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =12 MHz, D =5 MHz)P
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Figure 4-77. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal
(B = 15 MHz, D = 5 MHz)
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Figure 4-78. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B =15 MHz, D = 5 MHz)P
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Figure 4-79. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B = 20 MHz, D = 5 MHz)
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Figure 4-80. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B = 20 MHz, D = 5 MHz)P
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Figure 4-81. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B=30 MHz, D = 5 MHz)
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Figure 4-82. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B=30 MHz, D = 5 MHz)
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Figure 4-83. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =10 MHz, D =5 MHz, Ripple = 0.dB)
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Figure 4-84. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =10 MHz, D = 5 MHz, Ripple = 0. 1 dB)
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Figure 4-85. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =12 MHz, D =5 MHz, Ripple = 0.1 dB)
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Figure 4-86. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 12 MHz, DD = 5 MHz, Ripple = 0.1 dB)P
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Figure 4-87. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B= 15 MHz, D =5 MHz, Ripple = 0.1 dB)

4-95

0.I.



0.7

0.6

0. 5

0.4

S0.3

S0. 2

0. 1

-0.1

-0. 2

-0.3
0 0.1 0.2 0.3 25.0 25.1 25.2 25.3 25. 4

TIME (/l SEC)

Figure 4-88. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B=15 MHz, D = 5 MHz, Ripple = 0.1 dB)
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Figure 4-89. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =10 MHz, D = 5 MHz, Ripple =0.1 dB)
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Figure 4-90. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B=10 MHz, D =5 MHz, Ripple =0.ldB)
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Figure 4-91. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =12 MHz, D = 5 MHz, Ripple= 0.1 dB)
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Figure 4-92. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 12 MHz, D = 5 MHz, Ripple = 0.1 dB)P



0. 7

0. 6

0. 5

0. 4

0. 3

S0.2

S0.1

-0. 0

-0.1

-0.2

-0. 3
0 0.1 0.2 0.3 0.4 0.5 0. 6

TIME (/SEC)

Figure 4-93. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =15 MHz, D = 5 MHz, Ripple = 0.1 dB)
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Figure 4-94. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B =15 MHz, D = 5 MHz, Ripple =0.1 dB)P
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Figure 4-95. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 20 MHz, D = 5 MHz, Ripple = 0.1 dB)
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Figure 4-96. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 20 MHz, Dp = 5 MHz, Ripple = 0.1 dB)
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Figure 4-97. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =30 MHz, D = 5 MHz, Ripple = 0.1 dB)
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Figure 4-98. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B=30 MHz, D =5 MHz, Ripple =0.1 dB)P
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Figure 4-99. Response of a Preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B=10 MHz, D = 6 MHz)
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Figure 4-100. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal
(B =10 MHz, D = 6 MHz)P
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Figure 4-101. Response of a preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B =12 MHz, D = 6 MHz)
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Figure 4-102. Response of a Preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Bar Test Signal

(B=12 MHz, D = 6 MHz)P
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Figure 103. Response of a Preemphasized FM Television System
Having a 3-Pole Butterworth Filter to a T-Pulse Test Signal

(B = 15 MHz, Dp = 6 MHz)
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Figure 4-104. Response of a Preemphasized FM Television System

Having a 3-Pole Butterworth Filter to a T-Bar Test Signal
(B =15 MHz, D = 6 MHz)P
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Figure 4-105. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal
(B =10 MHz, D =6 MHz)
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Figure 4-106. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B=10 MHz, D = 6 MHz)
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Figure 4-107. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B=12 MHz, D =6 MHz)
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Figure 4-108. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B =12 MHz, D = 6MHz)
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Figure 4-109. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B=15 MHz, D =6 MHz)
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Figure 4-110. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B =15 MHz, D = 6 MHz)
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Figure 4-111. Response of a Preemphasized FM Television System
Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B = 20 MHz, D = 6 MHz)
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Figure 4-112. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal
(B = 20MHz, D = 6 MHz)
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Figure 4-113. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Pulse Test Signal

(B = 30 MHz, D = 6 MHz)
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Figure 4-114. Response of a Preemphasized FM Television System

Having a 4-Pole Butterworth Filter to a T-Bar Test Signal

(B=30 MHz, D = 6 MHz)p
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Figure 4-115. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal
(B = 10 MHz, Dp = 6 MHz, Ripple = 0.1 dB)
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Figure 4-116. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal
(B =10 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-117. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 12 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-118. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B=12 MHz, D = 6MHz, Ripple = 0.1dB)
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Figure 4-119. Response of a Preemphasized FM Television System

Having a 3-Pole Chebyshev Filter to a T-Pulse Test Signal

(B =15 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-120. Response of a Preemphasized FM Television System
Having a 3-Pole Chebyshev Filter to a T-Bar Test Signal

(B =15 MHz, D= 6 MHz, Ripple = 0.l dB)
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Figure 4-121. Response of a Preemphasized FM Television System

Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 10 MHz, Dp = 6 MHz, Ripple = 0.1 dB)
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Figure 4-123. Response of a Preemphasized FM Television System

Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal
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Figure 4-124. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal
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Figure 4-125. Response of a Preemphasized FM Television System

Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal
(B = 15 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-127. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 20 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-128. Response of a Preemphasized FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal
(B =20 MHz, D = 6 MHz, Ripple = 0. 1 dB)
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Figure 4-129. Response of a Preemphasized FM Television System
Having a 4-Pole Chebyshev Filter to a T-Pulse Test Signal

(B = 30 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-130. Response of a Preemphasized FM Television System

Having a 4-Pole Chebyshev Filter to a T-Bar Test Signal

(B = 30 MHz, D = 6 MHz, Ripple = 0.1 dB)
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Figure 4-132. Response of a 525-Line Preemphasis Filter
to the Rise Portion of a T-Bar (T = 100 ns)
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SECTION 5 - CONCLUSIONS

Several conclusions can be drawn from this frequency modulation distortion analysis

for television transmission. The conclusions are based on the computed distortions

of a T-pulse-and-bar test signal which passes through the computer-simulated system.

The conclusions are:

An FM television transmission system can be modeled for computer simulation of a

well defined signal in the time domain from the video input terminals to the video

output terminals.

If preemphasis is employed, a Chebyshev predetection filter produces more signal

distortion than a Butterworth filter having four poles and the same half-power band-

width. Without preemphasis no significant difference between Butterworth and

Chebyshev filters was observed.

Whether a Butterworth or Chebyshev filter is used, a four-pole filter produces more

distortion than a three-pole filter.

An increase in the RF predetection bandwidth reduces the system distortion if all

other parameters remain fixed.

An increase in the peak deviation of a system increases the system distortion if all

other parameters remain fixed.

The T-pulse-and-bar test signal is distorted more in a system utilizing preemphasis

than in a flat system, which does not employ preemphasis.

The case producing the worst distortion (Figure 4-121) is a preemphasized system

utilizing a four-pole Chebyshev predetection filter, having a ripple bandwidth of

10.0 MHz, corresponding to a half-power bandwidth of 12. 13 MHz. This bandwidth,

which is approximately twice the peak deviation of 6. 0 MHz and significantly less

than Carson's bandwidth, produces an overshoot distortion of only 9. 9%-less than

the C.C.I.R. limit of 13% (Reference 6). This is achieved without any equalization

in the system.
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APPENDIX A - PREEMPHASIS AND DEEMPHASIS FILTER ANALYSIS

A. 1 INTRODUCTION

The impulse responses of preemphasis and deemphasis filters for 525-line FM television

transmission are derived from the circuits recommended by C. C. I. R. (Reference 1).

The transfer functions are first derived from the specified circuits. Then the impulse

responses are calculated from the transfer functions.

In Reference 1 the configurations and component values of preemphasis and deemphasis

filters are specified for different television systems. For the case of the 525-line tele-

vision system, the filter configurations are shown in Figure A-1 and A-2, while their

component values are tabulated in Tables A-1 and A-2, respectively.

Figure A-3 shows the preemphasis magnitude and phase characteristics for a 525-line

television system which, besides the intrinsic frequency response of a passive filter,

includes a constant amplification of 3.39000 dB. This is equivalent to a voltage multi-

plication factor of 1.479. Similarly for the deemphasis characteristic, a voltage ampli-

fication factor of 3. 162278 is included.

A. 2 DETERMINATION OF PREEMPHASIS AND DEEMPHASIS TRANSFER FUNCTIONS

Consider a circuit which consists of a generator at the input terminals and a black-box

network coupled to a load at the output terminals, as shown in Figure A-4. If the black-

box network is a T-section, as shown in the same figure, the elements of the impedance

matrix can be written in terms of the branch impedances of the T-section as follows:

Zll =Z +Z11 a c

z12 = Zc (A-l)

z22= Zb + Zc

A-1



If V1 and V 2 denote the input and output voltages respectively, if Az is defined by

Az = z 1 z2 and if Z denotes the load at the output terminals, then the transfer
z 1 1 2 2  1 2 , L

function, H12(s), defined as the ratio of V2 to V1, is given by

2 (S12) (A-2)
12(s) V1  +z Z

1 z 11 L

If Z Zb, Z and Z are known, the transfer function can be determined by Equationa b c L

(A-2). Thus, the transfer function of both the preemphasis and deemphasis filters can

be obtained if the filter networks are first transformed to T-sections without the parallel

branch across the upper pair of terminals. To achieve this, the delta-star transforma-

tion can be applied to a portion of each of the two filters. The configurations of delta and

star networks are shown in Figure A-5 and the necessary expressions of the transforma-

tion are given by Equation i (A-3).

ZZ
1 2

Zl +Z2 + Z3

= (A-3)
Z1 + Z2 + Z3

Z1Z
3

Z 1 + Z2 + Z

where a, f, and 7 are impedances of the arms of the star section.

In the case of the preemphasis filter, the portion of the filter to be transformed contains

the elements of C, R 1 , R 2 on the left, and R 2 on the right, which form a delta-section.

Then

1 1 + CR1
(A-4)

Z2 = Z3 = R2
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For the deemphasis filter, the portion of it involved in the transformation contains the

elements L, R 1 , R 2 on the left, and R 2 on the right. Similarly,

LR1s

1 R + Ls
(A-5)

Z2 = Z3 = R2

From Equations (A-3) and (A-4), for the preemphasis filter,

R1R 2

R 1 + 2R 2 + 2R1R2Cs
(A-6)

R2 + RR2Cs
2 12

R 1 + 2R 2 + 2R1R2Cs

= a

and from Equations (A-3) and (A-5), for the deemphasis filter

LR1R2s
a=

2R1R 2 + (2R 2 + R1)Ls

2 2
R R2 + LR s

S= (A-7)
2R 1 R 2 + (2R 2 + R 1 )Ls

v= a

After a, , and Y are determined, the preemphasis and deemphasis filters can be

converted to T-sections, as shown in Figure A-6, from which the values of Za' Zb'

and Z and then the values of z ll z 12,and z22 can be determined. Since Z L is 75 ohms

as specified, the transfer function H 1 2 (s) can be determined by Equation (A-2).
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If H (s) and Hd(S) denote the transfer functions of the preemphasis and the deemphasis

filters respectively, they can be represented by

4. 57032(10) + 608. 897s + 2. 12161(10) - 4 s + 2. 11953(10)11 s3 (A-8)
S(s)- -4 2 -11 3

2. 13754(10) 9 + 1418. 22s + 3. 03767(10) s + 2. 11953(10) s

1. 28361(10)11 + 1.9881(10) 5s + 8. 82881(10)-2 s + 1.02537(10) - 8 s (A-9)

Hd(S) 1. 283 61(10) 1 1 + 2. 84657(10)5 s + 0. 205638s 2 + 4. 79565(10) s 3

A.3 DETERMINATION OF IMPULSE RESPONSES

To obtain the impulse responses of the preemphasis and deemphasis filters, the inverse

Laplace transforms of the expressions on the right side of Equations (A-8) and (A-9)

must be obtained. These expressions are first expanded into partial fractions having the

following form:

H(s) = N + N As+B + (A-10)
1 2 2 2 s-a

where N1 is a numerical constant term,

N2 is the reciprocal of the coefficient of the highest-power term of the polynomial

in the denominators of the transfer functions in Equations (A-8) and (A-9),

A, B, C are real constants to be determined,

(al ± jo 1 ) is the complex root of the polynomial,

a2 is the real root of the polynomial.

The roots of the polynomials are determined by a computer subroutine available in the

CSC INFONET library. Equation (A-10) is rearranged to the form shown in Equation

(A-11) before taking the inverse Laplace transform.

A(s-a ) Aa + B C1 1 (S-l)A+11)
H(s)= N + N2 (s a) 2  2 1 + (A-

1 2 [(s- aA + sa 2A-4
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The four terms on the right side are recognizable Laplace transforms of some elementary

functions the transform pairs of which are listed below.

Laplace Transforms Inverse Laplace Transforms

(1) N1 N 6(t)

(2) s-a clt2 02 e cos (1 t) U(t)

(s-al)2 + 12

(3) 1  4 e t sin ( t) u(t)

(s-al+ 2

at
(4) 1 e 24 u(t)

s -a 2

Furthermore, the second and third transforms can be combined into the form,

K e alt cos ( I1 t +4) u(t),in which K and 0 are constants to be determined.

The partial fraction expansions of (A-8) and (A-9) are given by

A (s-0l) A a +P 11 C

p(S) p (sal +  z  1 (s-a1)+s-a 2

where N =
p -11Np = 2.11953(10) 11

-5
A = 9.16115(10)5

p

p = 503.718

C = -5.45646(10)-
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a = -5.4976376(10)6
1

1 = + 4.3298779(10)
4

a = -3.3365331(10)6

where N =  -8
4. 79565(10)

-2

Ad = 4. 43178(10)2

d = 5. 20966(10)
4

Pd 6

Cd = 2. 31291(10)
- 6

a 3 = -1.1754901(10)

3 =  5. 950369(10)
3

a4 = -1.9370308(10)6

From the listed Laplace transform pairs one can easily find the time func tions for the

terms involved in (A-12) and (A-13). Let h (t) and hd(t) denote the respective impulse

responses of the preemphasis and the deemphasis filters. Then
h (t) (t)1 l t  a2t

h (t) = 61 - 1 - 1 1  e K1 cos ( 1 - i)+ K2 e u(t) (A-14)

2.11953(10) 
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where a = -5.4976376(10)6

Ifl = 4.3298779(10)
4

a = -3.3365331(10)6

-5
K = 9. 16262(10)-

-2
0 = 1.79422(10)

-9
K = -5.45646(10)

2

and

hd(t) = 0. 213813 6(t) + e K3 cos ( 3 - ) + K4e u(t) (A-15)
4.79565(10) - 8  4

where a = -1.1754901(10)6

f3B= 5.950369(10)3

'4 = -1. 9370308(10)6

K3 = 0.0443185

-6
K = 2.31291(10)6

-2

2 = -0. 55566(10)-2

A.4 REFERENCE

Recommendation 405-1, Radio Relay Systems for Television (Pre-emphasis Character-

istics for Frequency-Modulation Systems) C.C. I.R. XIIth Plenary Assembly, New Delhi,

1970, Vol. IV, Part 1.
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R3

75 2 - 75 2

L

Figure A-1. Preemphasis Filter for 525-Line Television

Table A-1. Component Values of Preemphasis Filter

L (p H) 17.35
C (p F) 3085
R1 ( ) 275.8
R2 (2) 75

R3 (Q) 20.4
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R 3

75 ,g
752 

2 75

--c

- -C-

Figure A-2. Deemphasis Filter for 525-Line Television

Table A-2. Component Values of Deemphasis Filter

L (pe H) 50.16
C (p F) 8917
R 1 () 275.8

R 2 (2) 75

R3 () 20.4
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A GENERAL CIRCUIT T - SECTION

Figure A-4. A General Circuit and T-Section
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DELTA - SECTION STAR - SECTION

Figure A-5. Delta-Section and Star-Section
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R3

C OR L

Figure A-6. A Converted T-Section
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APPENDIX B - DERIVATION OF THE IMPULSE RESPONSE FOR
BUTTERWORTH AND CHEBYSHEV LOW-PASS FILTERS

B. 1 INTRODUCTION

The impulse responses are derived from the transfer functions for two-, three-, and

four-pole Butterworth low-pass filters and for three- and four-pole Chebyshev low-pass

filters. The filters are assumed to have an arbitrary bandwidth of oB radians per

second, where w B is the half-power bandwidth for the Butterworth filters and is the

ripple bandwidth for the Chebyshev filters. The general transfer functions are usually

presented in a form such that the radian bandwidth is unity; however, replacement of

s by - in those expressions results in transfer functions with a radian-frequency
B

bandwidth of cwB. The constants required for the Chebyshev filters are evaluated for a

0. 1-dB ripple.

B. 2 IMPULSE RESPONSES OF BUTTERWORTH FILTERS

In Reference 1, the general transfer function of a low-pass Butterworth filter is given as

1 (B-1)
HnB(S) -nB B (s)

n

where B n() is the Butterworth polynomial of order n. The coefficients of Bn(s), up to

the tenth order are listed in the mentioned reference. The second, third, and fourth

order Butterworth polynomials are given as follows:

B 2 (s) = s2 + Vs + 1 (B-2)

B3 (s) = s3 + 2s2 + 2 s + 1 (B-3)

B 4 (s) = s 4 + 2.6131259s 3 + 3.4142136s 2 + 2. 6131259s + 1 (B-4)
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To obtain the transfer function of a low-pass filter with bandwidth, wB radians per

second, the complex frequency, s, representing jw, in Equations (B-2), (B-3), and

(B-4) is replaced by -B. Let H2B(s), H3 B(s), and H4B( ) be respectively the transfer

functions of the low-pass Butterworth filters of two, three, and four poles. Then
2
B

H2 B(s) = 2 2  (B-5)
2 +2 B

s + ,2Bs + C B

W3
B

H 3B(s) = 3 2 2 3 (B-6)

s + 2w B + 2 BS +O B

4 (B-7)

H4 B(S) 4 3 2 2 3 4
s + 2.6131259Bs + 3.4142136B s + 2. 6131259Bs +wB

To obtain the impulse responses, the inverse Laplace transforms of the expressions in

Equations (B-5), (B-6), and (B-7) must be determined. The expression for H2 B(s) in

Equation (B-5) can be rearranged easily into a recognizable transform given by
2
B

H2 B) = B 2  B2  (B-8)

but the rearrangement of the other two require the use of partial fractions. The inverse

Laplace transform of H2 B(s), given by

OB

h2 B(t) = V/B e V sin t u(t) (B-9)

is the impulse response of the two-pole filter.
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The expression in Equation (B-6) is expanded into partial fractions as shown in

A(S-)  A l a I +B C 1

H3 (S) = (s -l )  a 1  +1 (B-10)
3B 2 +2 - 2 2 s - a 2

1 1

where (a 1  ji1) is the complex root

a 2 is the real root of the denominator of (B-6)

A 1 , B1, and C 1 are coefficients of the partial fractions.

The roots are determined by a computer subroutine in the CSC INFONET Library.

The values of the roots and coefficients are:

a, = -0.5w
B

S = + 0. 86602 5 4wB

a 2 =-WB

B 1 = 0

C =w
1 B

The corresponding impulse response, h3 B(t), of a low-pass three-pole Butterworth filter

is given by

S at at t

h3 B(t) = e 2 K1 e 1 cos( t 1 )  u(t) (B-11)

where C = BB

K= A +
1 1 l

-1 a1
=tan
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Similarly for the case of the four-pole Butterworth filter.

A2s + B C2s + D 2

2 f + (B-12)
H2(s) = 2 2 2 2 2(B-12)

H4 B() s - 2a3s +a3 +3 s- 2-2a4 s +a 4 + 14

where a 3 = -0. 9 2 3 8 7 9 4 8 wB

p13 = + 0. 3 8 2 6 8 3 5 6 w B

a 4 = -0.38268345w
B

134 = ±0. 9 2 3 8 7 9 5 1 wB

A2 = -C 2

B2 =2(a 3 - a 4 ) C 2 - D2

4

2 (a 3 -a 4 ) B

S _2 
+ 2 24)1

C2 ) + (a 3 -a 4 ) (a 3 - 3a 4)] [(a2 3 - (a2 + 3 + 4(a 3 _  (a2 +

4 2 2 C

S- 2(a 3 - a4 ) (a 2 )

DB 34 4
2 2 2 2+ 2

43  4 4

The two complex roots of the denominator of (B-7) are (a3 + ji8 3 ) and (a 4 ± J)34 ) and

the coefficients of the partial fractions are A2 , B 2 , C 2 , and D 2 . Since C 2 and D2 are

found negative, H4B(s) can be rearranged as

A2 (s -a3 ) A 2a3 + B2 C (s - a4 ) C2  a4 + D

HB(s) - 2 3 2  2 L 21 + 12 J (B-13)
4B (s 2 2 (S 2  2 2 2 2 2

4 (s - 3 3 - 3 3 - 4 4 - + 4
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The corresponding impulse response, h4 B(t), is given by

h4 B(t) = K 2 cos ( 2) - e cos ( t -3 ) u(t) (B-14)

where K = A+2 2  1(+;3  )

= tan- 1  2 3  2
2 A 2 131

2 ( 2  a 4 + D2 2
K= C +

3 2 341

-1  C 2 a 2 + D2

Thus, the impulse response of the Butterworth filters can be determined if the half-

power bandwidth is specified.

B.3 IMPULSE RESPONSE OF CHEBYSHEV FILTERS

The impulse responses of three- and four-pole Chebyshev filters are derived in

this paragraph, but first some general properties of Chebyshev filters are presented.

The frequency response of the n-pole Chebyshev filter is given by

H (w) =2 (B-15)
1 + 2 T (w)

n

where T (w) is the Chebyshev polynomial of order n and E is the ripple factor.
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Some properties of this response are given below

1. In the passband, the maximum value of IH w) is unity which occurs when

Tn(w) = 0, and the minimum value is 1 2 which occurs when Tn() = 1.

2. IHn0)I = 1 for all odd n, corresponding to the maximum values in the pass band.

3. IHn 0) 1 for all even n, corresponding to the minimum values in the
V1 + E

pass band.

4. H 1 2 for all n, corresponding to the minimum values in the pass band.

From these properties it is clear that the ratio of the maximum to the minimum power
2

response in the pass band is given by 1 + E . Therefore, when a ripple is specified

by R in decibels, the ripple factor can be calculated by

E = 10R - 1 (B-16)

For example a ripple of 0.1 dB, i.e. R = 0.1, yields a ripple factor of 0. 152302.

The transfer function of a given Chebyshev filter has the form:

G
Hn(s) = n n- (B-17)

s +bn_ 1 s + ... + bl s+b 0

where b nI , ... , b 0 are positive real coefficients of the polynomial in the denominator,

and G is the real constant to be determined to satisfy the properties of IHnC w)l

mentioned previously. The roots, s , of the polynomial are given in Reference 1 as
v

follows:

s -sinh sin (2v + 1) h (2v + 1) 7Tr
s =-sinh sin + j cosh 2 cos n v = 0, 1, 2, ... , n-1
v 2n 2n

(B-18)
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1 1 l/n 1 1) n
2+1 + - 2 + 1 + -

where sinh ~
2

2 1 1 2 + 1 + -/n

and cosh =
2

The constant should be determined by setting s = 0 in Equation (B-17) and noting that

G
Hn 0O) b 1, for odd n (B-19)

0

G 1
HnC(0) - b , for even n (B-20)

0 V1+ ET

as required by the properties of HnC(w) mentioned previously.

For the case n = 3, the transfer function H3 C(s) of a low pass three-pole Chebyshev

filter has the form:

G

H 3C(s) 2 (B-21)
2 2 2

(s -2a 1ls+a + '1) (s-a 2 )

where a i + j 1 is the complex root of the polynomial,

a 2 is the real root of the polynomial, and

G1 is a constant to be evaluated.

Similarly for n = 4, the transfer function H4 C(s) of a low-pass four-pole Chebyshev filter

has the form:

G

4C 2 2 2 2 2 2 (B-22)
(s 2 2a3 s + ~3 +3 ) (s - 2 a4 s + a4 +
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where (a 3 ± j13) and (a 4 ± j/84 ) are the two complex roots of the polynomial, and

G2 is a constant to be determined.

To obtain the transfer function of a low-pass filter with ripple bandwidth w B
s

replace s in Equations (B-21) and (B-22) by s B. Then

3
Gw

H3C (s-22 s +2 + 2 (B-23)
2 2 2

Bj (s - 2a s +r 5 5 ) (s -a6
5 5 5 6

where a = a B
5 1 B

P5 = 81 WB

a 6 = a 2  B

and

4
G w

(H (B-24)
4 C ( 2 2 + 2 2 2 2

7 7 7 - s + 8 + 8 8)B - 2a s+a + p ) (s -2as+a

where a =a o
7 3B

)7 =)3 wB37 3B

8 4B

To obtain the impulse responses, the right sides of Equations (B-23) and (B-24) are

expanded into partial fractions and then the inverse Laplace transforms are taken. This

procedure has been described previously and is not repeated here, but the results of

calculations involved are given below.
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The value of R is specified to be 0.1 dB; therefore, E = 0. 152302.

By Equation (B-18), the values of the following roots are obtained, and by Equation (B-19)

G1 and G2 are determined:

a = -0.484703

1 = ±1. 20616

a 2 = -0.969406 (B-25)

G1 = 1. 63806

a = -0.264156

)33 = ±1.12261

a 4 = -0.637730 
(B-26)

4 = +0.4650

G 2 = 0. 819025

HC and H4C B) in partial fractions are given below.

As+B C

H = 1 1 (B-27)
B3C (s -a 5  + 5 6)2+f 2 s- a6

where Al = -C

B = 0

3
G w

1 B

1 2 2
(a 5 -a 6  + 5

and

C( A2s + B 2  C2s + D 2

H4 C 2 2 (B-28)

B (s-a 7 ) + (s - ) + 8
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where A2 = -C 2

B 2 = 2(a - a ) C 2 - D2

2 (a 7 - a 8 ) D2

2 (2 32) + (a a ) (a7 - 3a 8 )

7 87 8 7 8)

[(7 _82) + (a7  a 4 ) (a 7 - 3 a 8 )] G2  B

2 4(a7 - a8 2 + 2) [(a2 (a2 )] [(1 7 2 ) +a 38)]
4(7 8 (a8  

) + [(7+ 7) -(  f1 -7 8 +(7

Let h3 c(t) and h4 C(t) denote the required impulse responses of low-pass three-pole

and four-pole Chebyshev filters with w B specified. Then

a6t a 5 t

h3 C(t) = 1 e - e K1 cos ( - 1 ) u(t) (B-29)

where K 1 = C1 +
11 5

105

and

eat at

h4 c(t) = eat K2 cos ( 71 t - 2) - ea K3 cos (f1 8 1 t- 3) u(t) (B-30)

e A2 a + B 2where K +

-1 2 7 2

tan
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K C +8 1D21)

tan-1 C2 8 + D2  )
Thus, the impulse responses can be determined for three- and four-pole Chebyshev

filters if the ripple bandwidth is specified.

B. 4 REFERENCES

1. Louis Weinberg, Network Analysis and Synthesis, McGraw-Hill Book Company, Inc.,
1962
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APPENDIX C - LISTING OF COMPUTER PROGRAMS

C.1 COMPUTER PROGRAM 1

% TPULSE: TO GENERATE T-PULSE
4 DT=STEP SIZE
%-----------------------------------------

DIMENSION X(1800),Y(1800)
-----------------------------------------
TIMF-INTERVALS:
----------------------------------------

T1=0.0
T3=0.1E-Ob
TEND=1.8E-06
%------------------------------------------
V STARTING TIME:

----------------------------------------
DT=1.0E-09
W=3.14159265*5.0E06
T=T1
N=1
--------------------------------------------

500 IF(T .GT. T3)GOTO 20
A=W*(T)
X(N)=0.70*SIN(A)**2
Y(N)=-X(N)
GOTO 50
20 X(N)=0.7
Y(N)=-0.7
50 T=T+DT
IF(T .GT. TEND)GOTO 1000
N=N+1
GOTO 500
---------------------------------------------
1000 WRITF(11,*)X
wPITE(12,*)Y
wRITE(6,100)(X(I),I=191800)
WRITE(6,101)
101 FORMAT(/1X,'Y(I):'/)
RITE(69100)(Y(I),I=191800)
100 FORMAT(1X,9E14.6)
----------------------------------------------
STOP
END
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C. 2 COMPUTER PROGRAM 2

TPULSE: TO GENE-ATE T-PULSE

OT=STEP SIZE
V----------------------------------------------

FiIMfENSIONI x(810)
-----------------------------------------------

TIMF-INTERVALS:
-----------------------------------------------

TI=0.U

T3=0.2E-U6
TEND=0.8E-06
------------------------------------------------

? STARTING TIME:

T=1. OE-04
w=3.14159265*b.0F0-
T=T1
N= 1
-----------------------------------------------

-00 IF(T .GT. T3)G')TO 20
A=wo*T

(N)=0.70*SIN(A)**,
GnTO 50
20 X(N)=O.O
50 T=T+DT
IF(T .GT. TENL)GOT() 100l
N=N+I
GOTO 500
-- -----------------------------------------
1000 WHITE(11:*)X
WRITF(12,100)(X(I)*I=1,800)
100 FORMAT(1X,9E14.6)

------------------------------------------------

STOP
ENO

C. 3 COMPUTER PROGRAM 3

TPULSE: TO GENI>ATE T-PULSE

DT=STEP SIZE
---------------------------------------

rIENSION X(1900)
? -- ---------------------------------------

TIMF-INTERVALS:
---e -------------------------------------------

T1=0.hE-06

T2=0.7F-06
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T3=1.3E-Ob
T4=1.4E- 6
TFND=1 .8-0O

STARTING TIME:

I;T = 1 . OF - 0
W=3. 14159265*5.0EO
T=0.0
r=l
0 --- ---------------------------------

q00 IF(T .GT. T1)G:TO 20

X (N) =-0.20

('OTO 50
2n IF(T .GT. T2)GOrO 30
D=w*(T-TI)
X(N)=0.7*SIN(A)**2-0.2
-OTO 50

30 IF(T .GT. T3)GOTO 40
X (N)=0.50
GOTO 50
40 IF(T .6T. T4)G"rU b
A=W* (T-TA )
X(N)=0.70*COS(A)**2-0.20
(Fr)TO 50
60 A (rN) =-0.20

90 T=T+UT
IF(T .GT. TENU)GOTI 1000
N=N+ I
GOTU 500

--- -----------------------------------

InO0 CONTINUE
wi TTE (11 ,*) X
w ITE(6,101) W OD r

101 FORMAT(IX ,*T- ,H:FRE(fAD)=,E12.b X,'DT=' ,E12.6,IX,%

vPOINTS=II4/)
wI'ITE(6,102)
102 FORMAT(1Ix,'LAT

a STOREO IN FILL: F6Akl'//)

w I TE(10,l00)(X(I),I=1,N)
100 F MAT (1X,9E 14.6)
0--- ------------------------------------

STOP
END
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C. 4 COMPUTER PROGRAM 4

TPULSE: TO GENFRATE T-PULSE
OT=STEP SIZE

nFIMENSIUN X(1410)

% TIME-INTEkVALS:

TI=0.0
T2=U0.E-d6
Tj=0.8E-06
TEND=1.4E-0b

STARTING TIME:

f)T=1.0F-0
W=3.1415iq265*5.OEOE
T=T1
N= 1

500 IF(T .(T. T2)&()To 40
X(N)=-0.20
(;OTU 6O
40 IF(T .GT. T3)GO ?U20
A=w*(T-T?)
X (N)=0.7;)*SIN (A)** -0.20
GOTO 50
?0 X(N)=-0.20
5i)O T=T+)DT
TF(T .GT. TEND)GOTO 1000
N=N+1

GOTO 500

1000 wwITE (11 ,*).
'RITE(129100) (X(I),I=I ,1400)
100 FO MAT (IX99E14.6)

STOP
F ND

C. 5 COMPUTER PROGRAM 5

% PRDIMP: IMPULSE RESPONSE OF PREEMPHASIS FILTER
DIMENSION X(2000)

------------------------------------------------
CONSTANTS:

---------------------------------------------------
A=9.16115E-05
8=503.718
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C=-5.45646E-09
ALPHAI=-5.49763766E6
ALPHA2=-3.3365331E06
BETA=4.3298779E04
Al=(A*ALPHAI+B)/BETA
A2=A1/A
AK=SQRT(A*A+Al*A1)
PHI=ATAN(A2)

C2=1.0/2.11953E-11
N=2000
T=O.0
DT=1.OE-09
%----------------------------------------------
DO 10 I=19N

C1=EXP(ALPHA1*T)AK*COS(BETA*T-PHI)+C*EXP(ALPHA2*T)
X(I)=C1*C2
T=T+DT
10 CONTINUE
% -----------------------------------------------

wRITE(119*)X
WRITE(6,102)
102 FORMAT(1X'PREIMP:PREEMPHASIS RESPONSE',2X'DATA STORED

IN FILE:FPRIMT*//)
wRITE(6,101)(X(I)I =1 N)
101 FORMAT(1X9E14.6)
%---------------------------------------------
STOP
END

C. 6 COMPUTER PROGRAM 6

% DEIMP: IMPULSE RESPONSE OF DEEMPHASIS FILTER
DIMENSION X(1800)
% -----------------------------------------------

% CONSTANTS:
% -----------------------------------------------

A=4.43178F-02
B=52096.6
C=2.31291E-06
ALPHAI=-1.1754901E06
ALPHA2=-1.9370308E06
BETA=5.950369E03
A1=(A*ALPHA1+B)/BETA
A2=Al/A
AK=SQRT(A*A+Al*A1)
PHI=ATAN(A2)
N=1800
T=0.0
DT=1.OE-09
C1=1.0/4.79565E-08
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----------------------------------"""""
DO 10 I=1,N

C2=EXP(ALPHA1*T)*AK*COS(BETA*T-PHI)+C*EXP(ALPHA2*T)
X(I)=C1*C2
T=T+DT
10 CONTINUE
%----------------------------------------------
WRITE(6,101)
101 FORMAT(lxEDEIMP:DEEMPHASIS RESPONSE'/)

WRITE(6,102)
102 FORMAT(IX'DATA STORED IN FILE:FDEIMT/)

WRITE(6,103)AKPHIC1
103 FORMAT(/1X3(E14.61X)/)
WRITE(11,*)X
WRITE(69100)(X(I),I=19N)
100 FORMAT(1X,9E14.6)
%----------------------------------------------
STOP
END

C. 7 COMPUTER PROGRAM 7

% SINPUL: TO FORM COMPOSITE SIGNAL

DIMENSION SIG(1800),SIGI(1800),PRE(1800),Z(1800)Y(1800)%
X(1800),W(1800)
READ(11 *)SIG
PEAD(12,*)SIG1
PEAD(139*)PRE
% -------------------------------------

M=1200
DT=1.OE-09

-------------------------------------
% CONVOLUTION & *1.479

-----------------------------------------
DO 10 I=1,M
S=0.0
S1=0.0
L=I
DO 20 J=1,I
S=DT*SIG(L)*PRE(J)+S
S1=DT*SIG1(L)*PRE(J)+S1
L=L-1
20 CONTINUE
Z(I)=(SIG(I)-S)*1.479
X(I)=(SIG1(I)-SI)*1479
10 CONTINUE

-------------------------------------
% FORMING THE COMPOSITE SIGNAL

-------------------------------------------
A=0.2/3.162277

C-6



Al=0.5/3.162277
DO 199 I=1M
Z(I)=Z(I)-A
X(I)=X(I)+Al
199 CONTINUE
DO 200 I=19600
Y(I)=-A
W(I)=Al
200 CONTINUE
DO 601 1=60191800
Y(I)=Z(I-600)
W(I)=X(I-600)
601 CONTINUE
%-----------------------------------------
100 FORMAT(1X,9E14.6)
WRITE(14*) Y

wRITE(15,*)W
WRITE(6,103)

103 FORMAT (1X,'COMPOSITE SIGNAL-1,STORED IN FCOMT1'/)

WRITE(6,100)(Y(I) I=1,1800)

WPITE(6,104)
104 FORMAT(/1X,'COMPOSITE SIGNAL-2,STORED IN FCOMT2'/)

wRITE(6,100)(W(I),I=191800)
STOP
END

C.8 COMPUTER PROGRAM 8

SINPUL: TO FORM COMPOSITE SIGNAL

OIMENSIUN SI6(b01),PRE(1OO),Z(800OO)Y(1400)
PEAD(11,*)SI
PEAD (129 )P RE

-- ------------------------------------

DT=1.OE-09
-------------------------------

* CONVOLUTION & *.i479
--------------------------------

00 10 I=1,M
=0 .0

L=I
P.O 20 J=1,I

S=DT*SIk,(L)* P E (J) +S
L=L-1
20 CONTINUE
/(I)=(SI'l(I)-S)"* .1 :7C
10 CONTINUE

----------------------------------------
A =0.2/3.12277
00 199 I1M
I(I)=Z(I)-A
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1c9 CUNTI,'UE
103 FOkMAT(/lXA,'C°'POSITE SIGNALSTORED IN FCOMF1'//)

(O 200 I=1,600
Y(I)=-A

200 CONTINUE
DO0 201 1=(01,1400
Y (I)=Z(I-)0O )
201 CONTINUE
w'ITE(13, * ) Y

W!ITE(6,103)
' ITEF(6,100)(Y(I),T=1.O1400)
100 FORMAT (IX9E14.6)
STUP
F Ni f

C.9 COMPUTER PROGRAM 9

SINCOS: TO GET SIN & COS OF PHI(T)

--------------------------------------------------

Y(I): RESULTS OF INTEGRATION
FLCOS: COS OF PHI(T)

- FLSIN: SIN OF PHI(T)
DP: PEAK DtVIAlION

-----------------------------------------------------

DIMENSION Z(14UU),Y(14UU),FLCOS(i4UU)9FLSIN(1400)
PEAD(11,*)Z

--- ----------------

S= 1200
i*T=1 .UE-09
PP=5.OE06

AK=4.*3. 14159265*,,P
-----------------------------------

SIr,4TEG'ATION TO ET PHI(T)
----------------------------------------------------------

Y(1)=Z(1)*DT
I)0 30 I=2,M
Y(I)=Y(I-I)+Z(I)*DT
30 CONTIUE

--------------------------------------------------------

TAKE COS & SIN
--------------------------------------------------------

I.oU 40 I=iM
AA=AK*Y ()
FLCOS(I)=COS(AA)
FLSIN(1)=SIN(AA)
40 CONTIvUE

----------------------------------------------------------
PITE (12,*)FLCUS
t,4ITE(13.*)FLSIN

R I TE(6,150)
150 FORAAT(IxPHOG4RA M TO GENERATE COS(PHI) & SIN(PrHI)
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-- STUNEo) IN FPCOS-,FPSIN5'//)

T k IT t (6,151) )DPDT.4-

151 FORMAT(IX,*PEAK-DEVIA1ION=',Ei4.,92XSTEP-SIZE=*'E12.69
2X,*POINTS=1* IS//)
153 FORMAT(IX,9E14.6)
wvITE(69155)
155 FOHMAT(/ 1X,'C )S(I):'/)
wHITE( 1'5-3)(FLCOS(I)*I=I*M)
V ITE(h,156)
156 FOHMAT(/ IXq'SIN(I):'//)
wRITE(6,91 3)(FLSIN(I),I=1*M)
STOP
F ND

C. 10 COMPUTER PROGRAM 10

SN3BF: SYMMETRICAL 3-POLE BUTTERWORTH FILTER RESPONSE

% FB: BANDWIDTH HZ
% DT: STEP SIZE
% T: TIME
%- --------------------------------------------------
DIMENSION X(1800)
%-------------------------------------------------------
FB=15.0EO6
WB=2.0*3.14159265*FB
N=1800
DT=1.OE-09
T=0.0

----------------------------------------------------------

ALPHAI=-0.5*WB
ALPHA2=-1.0*WB
BETAI=0.8660254*WB
C=WB**3/(BETA1**2+(ALPHAI-ALPHA2)**2)
P=(2.0*ALPHAl-ALPHA2)*C
A=-C
S----------------------------------------------------------
AK=SQRT(A*A*(1.0+ALPHAl*ALPHAI/BETA1/BETA1))
PHI=ATAN(ALPHA1/BETA)

----------------------------------------------------------
DO 10 I=1,N
X(I)=-AK*EXP(ALPHAI*T)*COS(BETA1*T-PHI)+C*EXP(ALPHA2*T)
T=T+DT
10 CONTINUE

WHITE(69100)
100 FORMAT(IX,'3-POLE BUTTERWORTHSTORED IN FS3BT3'//)

wPITE(6,101)FB,DT,
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101 FORMAT(1X,BANDOWIDTH:FB(HZ)=,E14.6,2X,9STEP-SIZE='9%
E14.6,2X#POINTS=*tI5//)
WRITE(6,103)CBAKPHI
103 FORMAT(IX, C=',E14.6,2X,*B=,E14.692X,*AK=,%
E14.6,2X lPHI=',E14.6//)
ORITE(11,*)X
WRITE(6,102)(X(I),I=1,N)
102 FORMAT(lX,9E14.6)
STOP
END

C.11 COMPUTER PROGRAM 11

SN4BF: SYMMETRICAL 4-POLE BUTTERWORTH FILTER RESPONSE

O FB:BANDWIDTH HZ
DT:STEP-SIZE

% T:TIME
----------------------------------------------------------

DIMENSION X(1800)
% -----------------------------------------------------------
FB=12.0E06
WH=2.0*3.14159265*FB
N=1800
DT=1.OE-09
T=O.O

---------------------------------------------------------------
ALPHA1=-0.92387948*WR
ALPHA2=-0.38268345*WB
BETAI=0.38268356*WH
BETA2=0.92387951*WR
%---------------------------------------------------------
AA1=(BETA1**?2BETA2**2)+(ALPHAl-ALPHA2)*(ALPHAl-3.0*ALPHA2)
AA2=(4.0*(ALPHAl-ALPHA2)**2)*(ALPHA2**2+BETA2**

2 )

AA3=(ALPHA1**2+BETA1**2)-(ALPHA2**2+BETA2**2)
----------------------------------------------------------

D=(WB**4/(AA2+AA3*AAl))*AA1
C=2.0*(ALPHAl-ALPHA2)*D/AAl
B=2.0*(ALPHAl-ALPHA2)*C-D
A=-C

----------------------------------------------------------
WRITE(6,100)
100 FORMAT(1X,'4-POLE BUTTERWORTHSTORED IN FS4BT2'//)

WRITE(6,101)FBgNDT
101 FORMAT(/1XIBANDWIDTH:FB(HZ)=*'E14.692XtPOINTS=',%
15,2X, STEP-SIZE(SEC)=',E14.6//)
WRITE(69102)ALPHA1,ALPHA29BETAlBETA2
102 FORMAT(/lX,'ALPHA1=',E14.692X,'ALPHA2

= 'E14.692X9BETA I='9 %

E14.6,2X,18ETA2=',F14.6//)
wRITE(6,103)A,B,C,D
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103 FORMAT(IX,'A='t,E14.692X'E'B=E42X='E, 2 C'E14"62X,%

'D=',E14.6//)
-----------------------------------------------------------

ABC=ABS(C)
ABD=ABS(D)
AK1=SQRT(A*A+((A*ALPHA1+B)/BETA1)**2)
PHI1=ATAN((A*ALPHA1+B)/A/BETA1)
AK2=SQRT(ABC*ABC+((ABC*ALPHA2+ABD)/BETA2)**2)
PHI2=ATAN((ABC*ALPHA2+ABD)/ABC/BETA2)
%----------------------------------------------------------
DO 10 I=1.N
X(I)=AK1*EXP(ALPHAI*T)*COS(BETA1*T-PHI1)-AK2*EXP(ALPHA2*T)
COS(BETA2*T-PHI2)
T=T+DT
10 CONTINUE
De -- -- - -- -- -- - -- -- -- - -- -- -- - -- ------------

WRITE(6,104)AKiPHI1,AK2,PHI2
104 FORMAT(1XIAKI,PHI1,ETC:'94(E14.692X))
WRITE(11 *)X
WRITE(6,105)(X(I),I=1,N)
105 FORMAT(1X,9E14.6)
% -------------------------------------------""""

STOP
END

C. 12 COMPUTER PROGRAM 12

% SN3CF: SYMMETRICAL 3-POLE CHEBYSHEV FILTER RESPONSE
% FB: BANDWIDTH VHZ
% DT: STEP SIZE
% T: TIME
%-------------------------------------------------------
DIMENSION X(1800)
%-------------------------------------------------------
FR=15.0E06
WR=2.0*3.14159265*FB
N=1800
DT=1.OE-09
T=0.0
%- ----------------------------------------------------
ALPHA1=-0.484703*WR
ALPHA2=-0.969406*Wf
BETA1=1.20616*WB
C=1.b3806*WB**3/(BETA1**2+(ALPHAl-ALPHA2)**2)
B=(2.0*ALPHAl-ALPHA2)*C
A=-C
% -------------------------------------------------------

AK=SQRT(A*A*(1.0+ALPHAl*ALPHA1/BETAI/BETA1))
PHI=ATAN(ALPHA1/BETA1)
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---- --- ---- --- ---- --- ---- ---------------------

DO 10 I=1,N
X(I)=-AK*EXP(ALPHAI*T)*COS(BETA1*T-PHI)+C*EXP(ALPHA

2 *T)

T=T+DT
10 CONTINUE
% -----------------------------------------""""
WRITF(69100)
100 FORMAT(IX,'3-POLE CHEBYSHEVoSTORED IN FS3CT3'//)

WRITE(6,101)FBqDTqNj
101 FORMAT(1XI'BANOWIDTH:FB(HZ)=' E14.6,2X'

I STEP-SIZE = *%

E14.692XlPOINTS=9I5//)
WRITE(69103)C,BAKgPHI
103 FORMAT(IX 'C= ,E14.692X,'B = *E I 4.692X tAK =',%

E14,62X,'PHI=',E14.6//)
iRITE(11,*)X
WRITE(6 1l02)(X(I)gI=19N)

102 FORMAT(1X,9E14.6)
STOP
END

C.13 COMPUTER PROGRAM 13

% SN4CF: SYMMETRICAL 4-POLE CHEBYSHEV FILTER RESPONSE

% FB:BANDWIDTH HZ
% DT:STEP-SIZE
% T:TIME
- ---------------------------------------------------------
DIMENSION X(1800)
%---------------------------------------------------------
FH=30.OE06
W8=2.0*3,14159265*FB
N=1800
DT=1.OE-09
T=0.0
% ---------------------------------------------------------
ALPHAl=-0.637730*wR
ALPHA2=-0.264156*wk
BETAl=0.4650*WB
BETA2=1.12261*WB
% ---------------------------------------------------------
AAI=(BETA1**2-BETA**2)+(ALPHAl-ALPHA2)*(ALPHA1~3.0*ALP

H A2)

AA2=(4.0*(ALPHA1-ALPHA2)**2)*(ALPHA2**2+BETA2**2)
AA3=(ALPHA1**2+BETA1**2)-(ALPHA2**2+BETA2**2)
% ---------------------------------------------------------
D=(0.819025*WB**4/(AA2+AA3*AA1))*AA1
C=2.0*(ALPHA1-ALPHA2)*D/AA1
P=2.0*(ALPHAI-ALPHA2)*C-D
A=-C
% ---------------------------------------------------------
wRITE(69100)
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100 FORMAT(1X,'4-POLF CHEHYSHEVSTORED IN FS4CT5'//)

WRITE(6,101)FBNDT
101 FORMAT(/1X ,BANDwIDTH:FB

(H Z )=E14 "6,2X,*POINTS = '9%

15,2X,'STEP-SIZE(SEC)=',E14.6//)
WRITE(6,102)ALPHA1,ALPHA2,BETA1 BETA2

102 FORMAT(/IXIALPALPHAl='E14.6b2XALPHA2=90E14"6
2 X9BETAI='%

E14.6,2X ,8ETA2=,F14.6//)
WkITE(6,103)A,B,C,D
103 FORMAT(1X,'A=',E14.692X,'R

='E14.b62X,' C = *',E14.62X9%

#D=,E14.6//)
-------------------------------------------------------

ABC=ABS(C)
ABD=ABS(D)
AKl=SQRT(A*A+((A*ALPHA1+B)/BETA1)**2)
PHI1=ATAN((A*ALPHA1+P)/A/BETA1)
AK2=SQRT(ABC*ABC+((ABC*ALPHA2+ABD)/BETA2)**

2 )

PHI2=ATAN((ABC*ALPHA2+ABD)/ABC/BETA2)
--------------------------------------------------------

DO 10 I=1,N
X(I)=AK *EXP(ALPHA1*T)*COS(BETA1*T-PHII)-AK2*EXP(ALPHA2*T)*%
COS(BETA2*T-PHI2)
T=T+DT
10 CONTINUE
% ---------------------------------------------------------

WRITF(6,104)AK1,PHI1,AK2PHI2
104 FORMAT(1X,AKI,PHI1,ETC:',4(E14.6,2X)/)
WRITE(11,*)X
WRITE(6,105)(X(I),I=1,N)
105 FORMAT(1X,9E14.6)
% ----------------- -- -- -- --- -- -- -- - -- ---- -- -

STOP
END

C.14 COMPUTER PROGRAM 14

% CONDPH: TO GET PHID(T)

% FLCOS(I): COS OF PHI(T)

% FLSIN(I): SIN OF PHI(T)
% HBF(I): PREDETECTION FILTER RESPONSE

% A(I):A(T)
S RB(I):B(T)

% PHI(I):PHI(T)
% PHID(I): DERIVATIVE OF PHI(T)

% AM:MOD-INDEX
% FM:MAX MOD-FREQUENCY
%------------------------------------------
DIMENSION FLCOS(1800),FLSIN(1800),HBF(1800)9A(1

8 0 0 )9

B(1200),PHI(1200),PHID(1
2 00 )

READ(11,*)FLCOS
READ(12,*)FLSIN
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READ(13,*)HBF
%----- -------------------------------

% CONSTANTS:
% ----------------------------------
M=1200
DT=1.OE-09
DP=5.OE06
AK=4.0*3.14159265*nP
% ----------------------------------------
% CONVOLUTION TO GET A(T) & R(T)

- ------------------------------
DO 10 I=1,M
s1=0.0
S2=0.0
L=I
DO 20 J=19 I
S1=DT*HBF(J)*FLCOS(L)+Sl
S2=DT*HBF(J)*FLSIN(L)+S2
L=L-1

20 CONTINUE
A(I)=S1
P.(I)=S2
10 CONTINUE
-------------------------------""'

% TO COMPUTE ATAN(R/A)
------ ------------------------------

DO 30 I=1,M
IF(A(I) .EQ. O.O)GOTO 40

C2=B(I)/A(I)
PHI(I)=ATAN(C2)
GOTO 30
40 PHI(I)=O.O
WRITE(6,101)I
101 FORMAT(1X,'A=0.0',2X'

I=' I15/)

30 CONTINUE
% ---------------------------------

% DERIVATIVE OF PHI(T):

% ----------------------------------
N1=M-2
00O 50 I=1,NI
PHID(I)=(-3.0*PHI(I)+4.0*PHI(I+1)-PHI(I+2))/(2.0*DT*AK)
50 CONTINUE
% ------------ -- -- -- -- -- -- -- -- --

WRITE(6151)DPgMgDT
151 FORMAT(X'*PEAK-DEVIATION:* E14.6,2X,*POINTS

= lI5,2X,%

'STEP-SIZE=',E14.6//)
WRITE(14,*)PHID
WPITE(6,153)(PHID(I),I=1M)
153 FORMAT(1X9E14.6)

-----------------------------

STOP
END
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C.15 COMPUTER PROGRAM 15

CONDPH: TO GET PHID(T)
FLCOS(I): COS OF PHI(T)
FLSIN(I): SIN OF PHI(T)
SHF(I): PREDETECTION FILTER RESPONSE

S A(I):A(T)
S(I):n (T)

PhI(I):PHI(T)
PHID(I): DERIVATIVE OF PHI(T)
AM:MOD)-INDEX
FM!:MAX MOD-FRHEEoE\,CY

DIMENSION FLCOS(140U),FLSIN(1400),HBF(1800),A(1400),
S(1400), HI(1400),PHIL.)(14(104) HOE(1800) Z(1400) Y(1400)
PEAD(11 *)FLCOS

PEAD(129*)FLSIN
PFAD(139")HBF
PEA0(14q*) HOE

CONSTANTS:

M=1200
DT=1.0OE-U9
PP=b.0UE06
AK=4.0*3.14159265*nP

---------------------------------------------

+ CONVOLUTION TO cET A(T) & .(T)
---------------------------------------------

DO 10 I=1,M
S 1=0.0
S2=0.0
L=I
DO 20 J=1lI
S1=DT*HBF(J)*FLCOS(L)+S1
S2=DT*hrF(J)*FLSI\i(L)+S2
L=L-1
?0 CONTINUE
A(I)=S1
F(I)=52
10 CONTI\IJE
V----------------------------------------------

TO COMPUTE ATAN(H/A)
1----------------------------------------------

DO 3(0 I=1,M
IF(A(I) .FW. U.0)GO~TO 40
C =H(1I)/A(I)
PHI(I)=ATAN(C2)

OnTO 30
40 PHI(I)=O.O
v!HITE(6,101) I
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101 FORMAT(1X,'A=0.U'q2X 
I ='1' l5/)

30 CONTINUE

DERIVATIVE OF P-i(T):
---- ------------------------------------

N 1=M-2
PO 50 I=1,NI
PhID(I)=(-3.0*PHI(1)+4.0*PHI(I+1)-PHI(I+2))/(2.0*DT*AK)
0O CONTINUE

C---- ------------------------------------

wlITEi(6151)DPMDT
151 FORMAT(IX,,PEAK-DEVIATION:',L14.6t2X,'PO1NTS='lI592X9%
,STEP-SIZE=',E14.6//)
153 FORMAT(1X,9E14.6)
L~ ----------------- ------------

CORRECTION OF POINTS

-- - -- --------------------------- ---- ---

k ITE(6,112)
112 FORMAT(IX,'COP-ECTED PHID'/)

I=1
P0 AH=ABS(PHID(I))
IF(Ar .Gl. 10.0)GOTO 72

GOTO 71
72 wRITE(6,75)IPHID

(I-1) PHIU(I+2)

7, FORMAT(/1X
*'ERROR POINT:'9I5,2X,2E14.6/)

Al=(PHIU(I-1)-PHIU(I+2))/3.0
PhIO(I)=PHID(I-1)-
PHID(I+1)=PHIO(I-I)- 2.U*A

I=I+I
71 CONTINUE
I=I+1
IF(I .GT. M)GOTO 41

(.0 TO 80
H1 wRITE(6,153)(PHID(I),I=1,M)
v --------------------------- " --------

CONVOLUTION OF CORRECTED PHID & HOE
-- ---------------------------------------

Cl=-0.06b2J52*
3 .16e7H

N2=M-600
G -- -----------------------------------------

DO 201 I=h01 gM
Z(I-600)=PHID(I)+O.0O325
201 CONTINUE
00 60 I=ioN2
5=0.0
L=I
F:O 70 J=1 I1
S=DT*HDE(J)*Z(L)+S
L=L-1
70 CONTINUE
Y(I)=(Z(I)*0.213813+S)*3.162278+Cl
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60 CONTINUE

,I TE(15,b *)Y

wRITE(6,102)

102 FORMAT(/ lX,'FINAL OUTPUT'//)

vwITE(6, 1,3)(Y(I),I=1sN2)

- TOP

F ND

C. 16 COMPUTER PROGRAM 16

CONOPH: TO GET PHID(T)
FLCOS(I): COS OF PHI(T)

FLSIN(I): SIN OF PHI(T)

HHF(I): PHEDETECTION FILTER RESPONSE

A(I):A(T)
B(I):H(T)
PHI(I):PHI(T)

9. PHID(I): DERIVATIVE OF PHI(T)

AM:MOO-INDEX
- FM:MAX MOD-FHE1uEiNCY

-------------------------------------------
DIMENSION FLCOS(lk0U),FLSIN(1800),HBF(l180),A(

18 0 0 ), %

P(1800),PHI(1800)qHID( G1800)HE(18)18 0),Z(1800)9Y(100)

PEAD(11 *)FLCOS
HEAD(12,*)FLSIN
PEAD(13,*)HBF
PEAD(14,*)HL)E

-------------------------------------------

. CONSTANTS:
---------------------------------- ""

m=1200
T=1 .0E-09

i)P=6.0EOb
At=4.0*3. 14159265

* ,.P
- ----------------------------------------

CONVOLUTION TO GET A(T) & B(T)

S---------------------- ---------

l0o 10 I=iM
S1=0.0
S2=0.U

.=I
D0 20 J=1 9 I
S1=DT*HBF(J)*FLCOS(L) +S

S2=DT*HBF(J)*FLSIN(L) +S2

L=L-1
?0 CONTINUE
A(I)=SI
P(I)=S2
10 CONTIVUE

---------------------------- C
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+ TO COMPUTE ATAN(B/A)
- --- - - - - - - - - - - - - - - - - - -

DO 3u I=1,M
IF(A(I) .EQ. 0.0)GOTO 40
C2=B(I)/A(I)
PHI(I)=ATAN(C2)
(GOTO 30
40 PHI(I)=0.0

wHITE (6,101)
101 FORMAT(1X 'A=0.0' ,2X, 'I=' 15/)
30 CONTINUE

- - -----------------------------------
DERIVATIVE OF PHI(T):

1--- ------ -------------------------------

F' 1=M-2
00 50 I=1gN1
PHID(I)=(-3.0*PHI(I)+4.0 PHI(I+1)-PHII I+ ))/(2.0*DT*AK)

50 CONTINUE
W,-- -------------------------------------

kITE(6,1ibl)OPMD

151 FORMAT(1X*,PEAK-DEVIATION:',E14.6,2X,'POINTS='I52X
.STEP-SIZE=',E14.6//)
153 FORMAT(1X.9E14.6)
--- -------------------------------------

7 CORRECTION OF PrINTS
--------------------------------------------

wRITE(6,112)
112 FORMAT(lX'COkFECTED PHIDI/)

I=1
PO AH=ABS(PHID(I))
IF(AH .GT. 10.0)GOTO 72

,OTO 71
72 WRITE(6,75)I,PHID(I-I),PHID(I+

2 )

75 FOHMAT(/1,'ERRO
R POINT:'1I5,2Xq2E14.6/)

Al=(PHIO(I-1)-PHIl(I+2))/
3 .0

PHID(I)= HID (I-I)-Al
PHID(I+I)=PHID(I-1)-2.0*A
1=1+1

71 CONTINUE
I=I+1
IF(I .GT. M)GOTO HI

GO TO 80
1I wRITE(6q153)(PHIO(I),I=1,M)
------------------------------------------

CONVOLUTION OF CORRLCTED PHID & HUE

V - ----------------------------------------

C2=0.5/3.162278
C1=0.tO
N2=M-600

------------------------------------18
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00 201 I=601
Z(I-600) =PHID(I)-C?
201 CONTINUE
00 60 I=1,N2

L=I
00 70 J=1,I
S=DT*HUE(J)*Z(L)+S

L=L-1
70 CONTINUE
Y(I)=(L(I)*0.21 3 813+S)*3.162278+CI
-0 CONTINUE

w ITE (15, *) Y
, ITE (6,102)

102 FORMIAT(/ IX,'FINAL OUTPUT'//)

,;ITE (69 53) (Y(1),I=1N,2)
STUP
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APPENDIX D - GLOSSARY OF VARIABLES

USED IN THE COMPUTER PROGRAMS

D. 1 VARIABLES USED IN COMPUTER PROGRAM 1

A A variable which is the product of angular frequency W and time T.

DT An increment of time T.

I An integer index for a DO-Loop.

N An integer variable to count the number of points into which the time interval is

divided. It also acts as the index of two vectors.

T The current value of time.

T1 A specified time interval.

T3 A specified time interval.

TEND The largest value of time for which calculations are made.

W Angular frequency of a sinusoidal function.

X A vector used to retain a set of calculated values.

Y A vector used to retain a set of calculated values.

D. 2 VARIABLES USED IN COMPUTER PROGRAM 2

A A variable which is the product of angular frequency W and time T.

DT An increment of time T.

I An integer index for a DO-Loop.

N An integer variable to count th number of points into which the time interval is

divided. It also acts as the index of two vectors.

T The current value of time.

T1 A specified time interval.

T3 A specified time interval.

TEND The largest value of time for which calculations are made.

W Angular frequency of a sinusoidal function.

X A vector used to retain a set of calculated values.
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D. 3 VARIABLES USED IN COMPUTER PROGRAM 3

A A variable which is the product of angular frequency W and time T.

DT An increment of time T.

I An integer index for a DO-Loop.

N An integer variable to count the number of points into which the time interval is

divided. It also acts as the index of two vectors.

T The current value of time.

T1 A specified time interval.

T2 A specified time interval.

T3 A specified time interval.

T4 A specified time interval.

TEND The largest value of time for which calculations are made.

W Angular frequency of a sinusoidal function.

X A vector used to retain a set of calculated values.

D. 4 VARIABLES USED IN COMPUTER PROGRAM 4

A A variable which is the product of angular frequency W and time T.

DT An increment of time T.

I An integer index for a DO-Loop.

N An integer variable to count the number of points into which the time interval is

divided. It also acts as the index of two vectors.

T The current value of time.

T1 A specified time interval.

T2 A specified time interval.

T3 A specified time interval.

TEND The largest value of time for which calculations are made.

W Angular frequency of a sinusoidal function.

X A vector used to retain a set of calculated values.
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D.5 VARIABLES USED IN COMPUTER PROGRAM 5

A A coefficient in the partial fractions of the transfer function of the preemphasis

filter.

AK One of the two real constants of the impulse response of the preemphasis filter.

ALPHA1 The real part of the complex root of the polynomial associated with the transfer

function of the preemphasis filter.

ALPHA2 The real root of the polynomial associated with the transfer function of the pre-

emphasis filter.

Al The value of an expression used repeatedly.

A2 The value of an expression used repeatedly.

B A coefficient in the partial fractions of the transfer function of the preemphasis

filter.

BETA The imaginary part of the complex root of the polynomial associated with the

transfer function of the preemphasis filter.

C A coefficient in the partial fractions of the transfer function of the preemphasis

filter.

C1 A portion of the expression for the impulse response function of the preemphasis

filter.

C2 The second real constant in the impulse response function of the preemphasis

filter.

DT An increment of time T.

I An integer index used in the DO-Loops.

N An integer specifying the number of calculations.

PHI The phase angle in the argument of the cosine term of the impulse response of

the preemphasis filter.

T The current value of time.

X A vector to retain the values of the impulse response of the preemphasis filter.
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D. 6 VARIABLES USED IN COMPUTER PROGRAM 6

A A coefficient of the partial fractions of the transfer function of the deemphasis

filter.

AK One in the two real constants of the impulse response functions of the de-

emphasis filter.

ALPHA1 The real part of the complex root of the polynomial associated with the transfer

function of the deemphasis filter.

ALPHA2 The real root of the polynomial associated with the transfer function of the de-

emphasis filter.

Al The value of an expression used repeatedly.

A2 The value of an expression used repeatedly.

B A coefficient of the partial fractions of the transfer function of the deemphasis

filter.

BETA The imaginary part of the complex root of the polynomial associated with the

transfer function of the deemphasis filter.

C A coefficient in the partial fractions of the transfer function of the deemphasis

filter.

C1 The second real constant in the impulse response function of the deemphasis

filter.

C2 The value of a portion of the expression for the impulse response function of

the deemphasis filter.

DT An increment of time T.

I An integer index used in DO-Loops.

N An integer specifying the number of calculations.

PHI The phase angle in the argument of the cosine term of the impulse response of

the deemphasis filter.

T The current value of time.

X A vector used to retain the sample values of the impulse response function.
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D.7 VARIABLES USED IN COMPUTER PROGRAM 7

A A real constant which is used repeatedly.

Al A real constant used repeatedly.

DT The value of the increment of time.

I An index for DO-Loops.

J An index for DO-Loops.

L An index used to furnish a special order of vector components.

M An integer to specify the number of calculations.

PRE The impulse response of the preemphasis filter.

S A variable used to form a summation in a convolution operation.

S1 A variable used to form a summation in convolution operation.

SIG A vector to retain a test signal.

SIG1 A vector to retain a test signal.

X A vector to retain the results of a convolution.

W A vector to retain the final result formed by adding two component parts of a

test signal by the principle of superposition.

Y A vector to retain the final result formed by adding two component parts of a

test signal by the principle of superposition.

Z A vector to retain the result of a convolution.

D. 8 VARIABLES USED IN COMPUTER PROGRAM 8

A A real constant which is used repeatedly.

DT The value of the increment of time.

I An index for DO-Loops.

J An index for DO-Loops.

L An index used to furnish a special order of vector components.

M An integer to specify the number of calculations.

PRE The impulse response of the preemphasis filter.

S A variable used to form a summation in a convolution operation.
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SIG A vector to retain a test signal.

X A vector to retain the results of a convolution.

Y A vector to retain the final result formed by adding two component parts

of a test signal by the principle of superposition.

Z A vector to retain the result of a convolution.

D.9 VARIABLES USED IN COMPUTER PROGRAM 9

AA A product of two variables used repeatedly.

AK The produce of 47r times peak deviation.

DP Peak frequency deviation.

DT Step size of time interval used in integration.

FLCOS A vector used to retain values of the function cos q.

FLSIN A vector used to retain values of the function sin 4.

I An index used in DO-Loops.

M An integer specifying the number of calculations.

Y A vector used to retain results of integration.

Z A vector used to retain sample values of the modulating wave.

D.10 VARIABLES USED IN COMPUTER PROGRAM 10

A A coefficient of the partial fractions of the transfer function of a symmetrical

3-pole Butterworth filter.

AK A constant in the impulse response function of the symmetrical 3-pole Butter-

worth filter.

ALPHA1 The real part of the complex root of the Butterworth polynomial associated

with the transfer function of the filter.

ALPHA2 The real root of the Butterworth polynomial associated with the transfer

function of the filter.

B A coefficient of the partial fractions of the transfer function of a symmetrical

3-pole Butterworth filter.

BETA1 The imaginary part of the complex root of the Butterworth polynomial asso-

ciated with the transfer function of the filter.

DT Increment of time T.

FB Frequency bandwidth of the filter in Hz.
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I An integer index used in DO-Loops.

N An integer specifying the number of calculations.

PHI The phase angle in the argument of the cosine term of the impulse response

function of the filter.

T The current value of time.

WB Angular frequency bandwidth of the filter.

X A vector to retain sample value of the impulse response.

D.11 VARIABLES USED IN COMPUTER PROGRAM 11

A A coefficient of the partial fractions of the transfer function of a symmetrical

four-pole Butterworth filter.

AA1 A real variable denoting an expression used repeatedly.

AA2 A real variable denoting an expression used repeatedly.

AA3 A real variable denoting an expression used repeatedly.

ABC The absolute value of C.

ABD The absolute value of D.

AK1 A constant in the impulse response function of the four-pole Butterworth filter.

AK2 A constant in the impulse response function of the four-pole Butterworth filter.

ALPHA1 The real part of the first complex root of the Butterworth polynomial of the

four-pole filter.

ALPHA2 The real part of the second complex root of the Butterworth polynomial of the

four-pole filter.

B A coefficient in the partial fractions of the transfer function of the four-pole

Butterworth filter.

BETA1 The imaginary part of the first root of the Butterworth polynomial for the

four-pole filter.

BETA2 The imaginary part of the second root of the Butterworth polynomial for the

four-pole filter.

C A coefficient in the partial fractions of the transfer function of the four-pole

filter.

D A coefficient in the partial fractions of the transfer function of the four-pole

filter.
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D. 12 VARIABLES USED IN COMPUTER PROGRAM. 12

A A coefficient in the partial fractions of the transfer function of a symmetrical

three-pole Chebyshev filter.

AK A constant in the impulse response function of the three-pole Chebyshev filter.

ALPHA1 The real part of the complex root of the Chebyshev polynomial associated with

the transfer function of the three-pole filter.

ALPHA2 The real root of the Chebyshev polynomial associated with the transfer function

of the three-pole filter.

B A coefficient in the partial fractions of the transfer function of the filter.

BETA1 The imaginary part of the complex root of the Chebyshev polynomial associated

with the transfer function of the three-pole filter.

C A coefficient of the partial fractions of the transfer function of the three-pole

Chebyshev filter.

DT Increment of time T.

FB The frequency bandwidth of the filter.

I An integer index used in DO-Loops.

N An integer specifying the number of calculations.

PHI The phase angle of the argument of the cosine term of the impulse response of

the three-pole Chebyshev filter.

T The current value of time.

WB The angular frequency bandwidth of the three-pole Chebyshev filter.

X A vector to retain the values of the impulse response of the three-pole

Chebyshev filter.

D. 13 VARIABLES USED IN COMPUTER PROGRAM 13

A A coefficient in the partial fractions of the transfer function of a symmetrical

four-pole Chebyshev filter.

AA1 A variable representing an expression used repeatedly.

AA2 A variable representing an expression used repeatedly.

AA3 A variable representing an expression used repeatedly.

ABC The absolute value of C.

ABD The absolute value of D.
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AK1 One of the two constants in the impulse response function of the four-pole
Chebyshev filter.

AK2 One of the two constants in the impulse response function of the four-pole
Chebyshev filter.

ALPHA1 The real part of the first complex root of the Chebyshev polynomial associated
with the transfer function of the four-pole filter.

ALPHA2 The real part of the second complex root of the Chebyshev polynomial associated
with the transfer function of the four-pole filter.

B A coefficient in the partial fractions of the transfer function of the four-pole
Chebyshev filter.

BETA1 The imaginary part of the first complex root of the Chebyshev polynomial
associated with the transfer function of the four-pole filter.

BETA2 The imaginary part of the second complex root of the Chebyshev polynomial
associated with the transfer function of the four-pole filter.

C A coefficient in the partial fractions of the transfer function of the four-pole
Chebyshev filter.

D A coefficient in the partial fractions of the transfer function of the four-pole
Chebyshev filter.

DT An increment of time T.

FB The frequency bandwidth of the four-pole Chebyshev filter.

I An integer index used in DO-Loops.

N An integer specifying the number of calculations.

PHI1 The phase angle in the argument of the first cosine term of the impulse response
function of the four-pole Chebyshev filter.

PHI2 The phase angle of the second cosine term of the impulse response function of the
the four-pole Chebyshev filter.

T The current value of time.

WB The angular frequency bandwidth of the four-pole Chebyshev filter.

X A vector to retain the values of the impulse response of the four-pole Cheby-
shev filter.
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D. 14 VARIABLES USED IN COMPUTER PROGRAM 14

A A vector representing the convolution of cos 4 (t) with H1(t), the impulse

response of the equivalent lowpass filter of a predetection filter.

AK The constant relating peak frequency deviation to the voltage of the modulating

wave.

B A vector. representing the convolution of sin 0 (t) with hl(t).

C2 The quotient of a component of the vector B and a corresponding component of

the vector A.

DP The value of a specified peak frequency deviation.

DT An increment of time T.

FLCOS A vector to retain sample values of cos (t).

FLSIN A vector to retain sample values of sin (t).

HBF A vector to retain sample values of the impulse response of a prediction filter.

I An integer index used in DO-Loops.

J An integer index used in DO-Loops.

L An integer used to furnish a special ordering for vector components.

M An integer specifying the number of calculations.

N1 An integer specifying the number of calculations.

PHI A vector, the components of which are generated by the arctangent of C2.

PHID A vector of sample values of the derivative of PHI.

S1 The summation of terms involved in a convolution operation.

S2 The summation of terms involved in a convolution operation.

D.15 VARIABLES USED IN COMPUTER PROGRAM 15

A A vector representing the convolution of cos 4(t) with hl(t), the impulse response

of the equivalent lowpass filter of a predetection filter.

AB The absolute value of the derivative of PHI.

AK The constant relating peak frequency deviation to the voltage of the modulating

wave.

Al The value of an expression used repeatedly.

B A vector representing the convolution of sin (t) with hl(t).
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C1 A numerical constant which is the steady response of the deemphasis filter to

a dc input voltage.

C2 The quotient of a component of the vector B and a corresponding component of

the vector A.

DP The peak frequency deviation.

DT An increment of time T.

FLCOS A vector used to retain the sample values of coso(t).

FLSIN A vector used to retain the sample values of sink(t).

HBF A vector used to retain sample values of impulse response function of the pre-

detection filter.

HDE A vector used to retain sample values of the impulse response function of the

deemphasis filter.

I An integer index used in DO-Loops.

J An integer index used in DO-Loops.

L An integer index used to furnish a special ordering for vector components.

M An integer specifying the number of calculations.

N1 An integer specifying the number of calculations.

N2 An integer specifying the number of calculations to be printed out.

PHI A vector, the components of which are generated by the arctangent of C2.

PHID A vector of sample values of the derivative of PHI.

S A summation of terms involved in a convolution operation.

S1 A summation of terms involved in a convolution operation.

S2 A summation of terms involved in a convolution operation.

Y A vector of sample values of the final output response function of the system.

Z A vector of sample values of the partial final system output to which a single

constant should be added to each component to give the final output vector.
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D.16 VARIABLES USED IN COMPUTER PROGRAM 16

A A vector representing the convolution of cos 0(t) with H(t), the impulse response
of the equivalent lowpass filter of a predetection filter.

AB The absolute value of the derivative of PHI.

AK The constant relating peak frequency deviation to the voltage of the modulating
wave.

Al The value of an expression used repeatedly.

B A vector representing the convolution of sin (t) and hl(t).

C1 A numerical constant which is the steady response of the deemphasis filter to
a dc input voltage.

C2 The quotient of a component of the vector B and a corresponding component of
the vector A.

DP The peak frequency deviation.

DT An increment of time T.

FLCOS A vector used to retain the sample values of cos 4(t).

FLSIN A vector used to retain the sample values of sino(t).

HBF A vector used to retain sample values of the impulse response function of the
predetection filter.

HDE A vector used to retain sample values of the impulse response function of the
deemphasis filter.

I An integer index used in DO-Loops.

J An integer index used in DO-Loops.

L An integer index used to furnish a special ordering for vector components.

M An integer specifying the number of calculations to be performed.

N1 An integer specifying the number of calculations to be performed.

N2 An integer specifying the number of calculations to be printed out.

PHI A vector, the components of which are generated by the arctangent of C2.

PHID A vector of sample values of the derivative of PHI.

S A summation of terms involved in a convolution operation.

S1 A summation of terms involved in a convolution operation.

S2 A summation of terms involved in a convolution operation.
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Y A vector of sample values of the final output response function of the system.

Z A vector of sample values of the partial final system output to which a single
constant should be added to each component to give the final output vector.
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